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ç\jjjjü\ gàUuJIj üUjihiJI 

il v_SV-Ûjlj'3 JoLuUÜ 

? v-SOljjj-ûJI JjO^C ^jJbiLÜ jjjl 

Lo I Jlû^ v_svS . cbjjLiJI oljjuo /x&l <jjo Jü\J t cLoLoùLà^ v_svj Uj^ûJI JjcxC jl jj\J 

û-° ô JuOÛLajüjO < />^JLc J1S cU>qJI " : ùsjj>Îs ( Alain Aspect V_SV-^Juü I û\JI ) cUiS 

. ( G 01 ilee ^sJJLi ) jl^_c ajuo ojuoûlcI i^snjJI 

lilxx^ju t oLl&jjjo oLu'l tjJLc oLubUjJI cLxxJLc <^_a£Lu Loul^ < Lpjljuuouo cbjjjiJU ûl jj-c 
guLü gjo cUjJôjJI 1^91^31 ciLLûjOJ iiJUi>3 oLu'V cÜo-^juJU g^LoJ ^I_)lcI v_Sv 3 Ü3^bjjjiJI 

_/X£JL^>3 QjO _V^UI Jj>I QjO gà^l ^jJI CUjIjjuLÀJI jJ^LqjoJI 

CU3JLJU cbjjjU k-jU Jljül £ü-ÛJ i [>uuj\j$ LuuüO gi>3j0uJI l JNJ^ÛJ3 i QjjSZüJl <*_Q_JUülS jjOU LoJülC 

■ cUjjuoJI /xJLsd ^ljLJujLjuj\il oljjjoJI t-S_Xj>| 3-y^l jjùLsj Sj t 

2 v_SN-ûjIj3JI JoLjuJüJI 

? v_SvJuuU £-Î>3 joJ 3 I ^>bj sLuJ v_^bjjjUI JjOX v-Sv-P-ajU Jâ 

< J^LuüüJI Iâü ( Stephan Hawking oliu^uu ) j+Ail LSjJb^VI />Jbdl 

: ^ .-.<.q 

oIjjO ^JlC jjlS Lx£jO QjuàjB ^S$-xjJ <J£ljuUÜ \J Lpjl j 3 lo*D <JjO CU 33 jO Lo CUjJôj jjJSÙ t sUj-AjUI V_sv 3 " 

clJoSLuo ÔJ 0 I 3 cLtr>\ljo C 3 J 0 v^ss-aSu i>l £_ OjjJôjJI dJUb QjjSzjJl guLu ^3^ v-SvjJI 

... ô JülQjO ÔÂ^ £Lo£Ü v^SvSJ ^b>tûJI 

< L^j 3 Lulûj /xi:isj Lojo é L^jUzf^J .vS^j ôJuJc*JI OuoL Lo cU 9 l_L£bo oli> ^jvJLJ 

cUjlaJI ^jGùzS ô^Lcj lS^juJoJI <jjo J^*j ^U>büJI gx> Lo ëubL>\Lo ôjjjJ ijDjlsü JJl <j^-l 

L^jlc ^vJL^JI 3 I < L&juiulsj 



( OuUjju\il <> _5vJLc 3I c Ij-O^Lc c LC3-uü3^0 »^_Sv 3 vJIc^jü ^JiiLjuU ) S" v_syj I ^L^JuoJI jji^LlC v_sv^> Lo_ 1 

ôj^LtJL LpJ ciiljuü\JI ,jjo OS^^OC^O £jo LpJüuulj^ ^IjjoJI ôj^UôJI cLtc>\Jjo • 

■ v-s^LjjjîJI Lp->*jJûj ol <-*szu »^_sNjJI qlijuüMJ cujuuuJL \Luo 
T ôj-d>l ^^-juüIjAj Qj^juüJ v_SV-jJ I CLljuüI I jJ LûjoJ I »^_SN^Lo 
? ôj^lbJI j 3 Joj V_sv3 /xSl^ÜJ v_SoJI oljJuO IjLJI Lo 

? >ol ôj^LbJI j3 loi 

? ^Sj 3^ \J />l t-Sj3^ 3^) ? jjSïLo /A ^juÜj 3^ 

. CLubj^JI • 

oLubj3 &Û03J cÜJLjuU^I ÔJLdi V«juC^Ü 

. QJjZXjM • 

. L^JlaJlûJ 3I CLauJOjjJI qjj>\JL^) ,JJO J^LJ CUj3j1d s5^3 >hl^joJL cÜL>jjoJI ÔÂ^ 

. ô^lkJI cl>JuoJ ^3! /jLüJLJ 

^L> JuouJI 
. cüIjloo v^dzj j^l3-b 

v_5v-ajulxxjuuJI gi>3j0uJI ^j 39 jj^ 3 jJ ôjjJI gi>3joJ ! cLj^ûJI ^sv9 g^LojJ ciJLuoI 
— ôJI v^SvjLuO-fcS J-CLo-ü v_SvJ LjOu J3^iJI 2^3^ 

! JI 3 J 0 I Pj\Jj ëüjSZL/dJ 
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i*_sv9 I C ÿ< U! jLï>\ l-jJLJqju i^soJI 3 ^-AJjj*fcjJI cuJLcx£_ 1 

. c Üo^\LoJI ë\S$ jJUj^3 ôj^llôJI 

(■■■ ôJi c oULujO i <UjqS 3I ^ÀjS CLjuüIj^ ) CUjJ^ljJlj CÜilsjuoJI oUôj>\LoJI JjJ^LjuUÜ _ 2 

. L^JLc gu LJ II jLoJuljuüI_ 3 

^^jl^jLJI oIjjuoIjjJII gjjJ Qjuùoljj 4i&\Lc ■ gbüuLjuu\JI • 

. ôJlcU 3I Ijujo 3I Ù3jls clcL kj& <jjo jjiou Iâ^3 vjL^I <=L 9\Lsül <Jj>\L^> . /xjjoJiJI • 

... gJI ^LajOsS IdLûjùI Ijujo _ j$jÆSl}\ Juuo : JLuo 

2 

c UljuUüJIj c La_juüLjuü àjju O »^_SV^3 cbjuJîJ b b gûuûJ Loj| 3 g33ÆJ ^LuJ ^ b jujU I JjO^C 

ch 0 c isj L^ Jj^LLAJ 4 jJjuJI Jo 3 j-julJI ^3j^o ) JLjIJuoJI ^svS <jj 3 aJ <jujl39 c UjuoI . v^bjujül /JUU 

( ^3jLzJI I Jl& cuJI Ju^u ùl <jioy sSJJI ^JLsüI Jy Jcù jjjo <j.SuoJ Lo gî^o 
yjluLJU ^JJULÔJ Oj^ 3 ^ ) ^-AJOÛl^JI JuuO 3^ ^ 3-^^! J» bJI ^iJ-C sSjJI V_SV-JUÜ LuAJI IjujoJI 

C c 

_^iàJ v_sJj i_SvLuü\)l ôÀjÎ) _>+2j ùl Jb*JI QszjuJqj$ QjLüJI (jJtLàj v_sJj ôjgjjJaJIj 


. cLooù^JI |_^ 3 C Jloùu>\ll ,_sJI 13^3 Qjufuujj cüüLs^uoJI guLüJI Q+>£ü 

3 

. «uJLc £jJoj v_soJI 

c c 

^_SnjoJLslII ôu*JI Jb*uO v-SvS 3I ^Lu^joJI ClLijJjü\JI v-SvS Loi <LoLc àjLÆü v^svjlju^ûJI j3^ ^Jc^j 

! gjOÜJfcjoJI V_sv9 v_SVJ Uj-^ûj I j3aJ cdbüo\JI \jÀSL) 

: q3UaJI ûIjlajo 

JjLuü 33 iJjjJo *btjj Cjl^lu ^j 33-JI ci9lkJÜ cLujuuuJb 
4sUo ^L^jI ^jvJLc Jjojzj v_s^joJLsÜI Ou*JI uS3jùuuuo <> _5vJLc Loi CÜ33JI o\LcLûjc <uALuuJI Jo3 - >-juü 

. /xjJLuü 3juLu ùjly ^jvJLc Jôbù 4Jbjy 

CLcLu^JI ùl JujO 

\j£. Cju^iJI3 cdLjüJI 3 I LpJuo ciûjjiifcJI cI 3 juj oLcLu^JI v-SvS ciJLxx 521 jujuoJI oLprS-ls^LJI «^ûJLl^jo jj3-Lü 

. ôJuJj> oLj>3J3à£u 
vJoJI ùl JlajO 

l 53 ^jujuoJI v_sJLJIj3 V$Jsz]\slo$ ^ybljjo^l \æS ôj^j>\JI L^jib3J3 J^. 9^3 ^-cLu^j 

.ùLuüü\JJ v-SOt^JI 

cLaûJl3 ùljjUI ùI JlajO 

J^ol 3 jJI 3 JLaj\JI JjLjuü 3 jj 3 Joj 3 Ù 35 JI cLjuüIj^ Jj>I jLcxS\JI ù)^JLb ]3 os: Lu^> 

. CUîLûâJI olàLuUüS\JI V_sv9 CtO^LuUUoJl 3 
3 v-SÙLîb^JI JoLuuuJI 
(cdJôoJL j^ô_qJI ) ôj^Lb 

v_sJLtbO i53 Û_AJÜ Jj>IjjO i ^HüLJI fJJO Cü-ûJ IjuljJuO LoLoÛlû^I v_SV-Cjji-juUÜ ^ÙoLj ClJLtioJlj jJÜLlI 

! l^JL Lojl9 

i ^ybj^JI 2 lIû_ajü ,jjo 4000m j^Lu £,LûJjI jJjo ôjjLLJI qjo v_sùobjJI Jüüj ! ^_5vJ3^JI cd^^joJI • 
J) 3 ûj Lo 3 I 200 km/h v-sJI^ ^jJ| cu-Cj^uj juIjjjls c js> ùjuc^j 

. i>3iLjuuJI cLuI cLoouuc> 2^03 4 

qJüâoJI v^sùobjJI £üjù ,>dj\JI 5-Lljuü ^>0 Lujüj 1000 m jsu ^jJLc : cljLJI ciJL>jjoJI • 

. J\L>' 15km/h ^ 5013 ^ ^l^-l ^u-Cj^juj uælqjjs 

. bjjüJ cuüb ^sJüôjoJI ôcj^uü LpJ\L> tjv-û-j ! cuJLül cLL^jjoJI • 
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v_sJLbxJI ùLûjI »^jJLLüj3 é gub-juj J^S ^^JLbuxJI J3JJ clL>jjo ! Qszj\j}\ cdL>jjoJI • 

. «uJÜÔjO v^SvS /xSJfcJI O^l JLxS£iljuuI 

( QuuUjSZL Jl CLjuüljjJI ) ÔjJ&UbJI CL>juoJ 

. CtoASiJuO v-SV^objJU CLuJuJI CLC^juüJI ü$5j CjuS> cdLbxJlj jJÜâJU CL^)bJI cdbJI 

: clJUI ôjlsJI Jjo^-juuü < cdbJI ôjl^ ^ ô^UôJI cl>juojJ 

< CL>jJuO ÔjJcLjuUUO « CüLs*J CL^i9 /XJ W-^jU ^Jû-juU^ Ô^AjuJUO J^jJjJI ^LûI3JQ-JUJI cujlc 

oLWJI c L^JL2X>3 jLuüjoJI JûÜJ JuJCfcjJ V^jljuüL uO /XJ jjJ ^3>0 U^juü^ a CLuCxSj IjjjoIS 


? CLJÜUI3 <j^L>jjcJI J\Jj> v-SV^oljjJI <iSjS> QSZjuJo lo _ 1 

^^3^1 cdb>jjcxJI 

c C 

■ c Üo3-Û_juü JYL^ ^l^jJ CLCj^juüJI û\J ^LCjLjuJÜu03 JulSjU ^LCj^jujJI Ol Ù^S ÔjjlÊjuO c ^j^' 

cljLJI cdL>jjcxJI 
cU-blûuo 

. { cdüôxxJI < ^sJLtuxJI } cLC3jcx<txxJI j3-Lü güOouuü St soJI jj^LûjcxJI jSi>l _ 2 

■ ■. 5JI i I i <33 LUI < ^S3_qJ I é £ j Ljuüü J I i QjO jJ I t ^LCj^juüJ I < §jJo3-oJ I 

? CLC 3 jCX^jCxJ I ÔJLûi < 3 j>JuOU CjuCXJ lilcv _3 

{ ‘ ^j^lo * J c l«JLc } 

. £jjlQjcJI gi>3j0jJI J^l — 4 

ûlj3^ £jjlQjCxJI gi>3jCxJI ^JLsÜI ! \LiuO 

Jol3 <JjOjJ jjJCX^J S^S^OuJI LxxJuU PJuOjl Ô_XS£J juuCXÜ ôj^cb 

J 5 ^3^ Ij>«jo é ô\ld ôj3^JucxJI QuuU'jSzüJl ôAsdl ju^LlC vjL*ib3ij JjcxslII ^-ûj>b £jjiSl — 5 

Jj\JjJI ôj^Ub 

ÔJIjJj oL>3X> JIÜlüI L^uljuü CLuÂOj^I Ôj-juUüÜI ^JjO CL/ulSO t Q-loijuO ÜJlXI CLyÂOjl ôjJÏ> 

3I JaàxaJU ël^ûu ^ 3 ^x 11 c^jotLûjcxJI jLuulSu\JI 3^ ^jJuLjoJI 1 £juljuu ùl Aü^sj I 

LuUUU 3 .j^uaSJU j3b^y I Ô3^uUÜ v_SvS ^JU^juUÜÜ jJJO JJ> ^jJI dJUb lS^3a9 Los^jlIS 3I AjulJI 

cisjj^uJI qJaéL-üJI oL>3jcJI ^ Seismic wavescuJIjJjJI obr^xxJI ojo £. 1^1 JljJjJI 

JûslzJ I3 JbJbïAJ I qjo bjJ Lüüo oLbuj a a â) ^jJLc cuJLaJ I ^ Ij^joJ I v_5vS tjjjo Lâ>3- JL ^ J S Ju s jUkJ ^3 ^\J I 

l _5vjOouüj 3 t JjJ^ujüJI ôj^>I ^jJI Ju^ü «^svjJI oL>3jcxJI tjJ3l ^_ss-â>3 éCI>3jcxJI jLuulüI ôL^jI ^svS 
<^ju^jujü3 clâo jJiÂ-juJucxJI oL>3jcxJI 3^ vaOIâJI £3^)13 i PLSjjJbü\JI L^J >0jJ3 cl»J3\JI oL>3jcxJI 

t SLSjJbüVI LpJ >°>^3 ^3^^ oL>3jo ^_5vjcxjuüj 3 tlà^Luuüul ôL^jI ^^JLc cü^3jcxC oUjub 

jjlC ôj^uULiÜI Jj>L v_sv 5 ^JljJjJI ot>3xxJI oLuülSyi qjo LuüJu cLptb_juj oL>3jo cJÜJI £,3^113 

oL>3jCxJI A 5 iJ 6 j^>\ ^jJI Ju^Ü3 LuljuüJ c La-Joj OÜ>3j0 v_SV-û^3 é ^LjuüJ L^ljuCxJ I 

Seismograph.^l ^JVjCXjuJÜ c UjuüLuJL> 6 j^>\ X»£>j\ /> üJ . CU3J LJ I3 

cOJljuj lSâJI JljJjJI UâxxS i jLÔ3J jjjüLlûjo 3_d>3 (JjüLlÜjo oI_)l>' 3J JljJjJI ôJuuj j fc jjüLfiJ3 

JjLûJ ÔJuuü cj lSÂJI JljJjJI ^laûol Ôj^uülC ôJ ljuüJI V_sv 3 LS3LUÜU jJJüLÜjO <JjO ^juüJ l>*3 J^LûJ 
v_sOLxxj ^jJI ÔJ0I3 ôJl>3 jJjo cUJuuj v-SvS ujüLîuxJI gjJüu3 éjA>j ^jjjLiLo ^jjo Joü 3 J0I3 ÔJ03 

,oIjc>3 

£ £ £ 

ÔJ3JI ^^vJLcl CL29I3JI cUaüJ^ FOCUS JljJjJI ôj3 j ^Jb ^J^j JljJjJI LâjAj3 

Epicenter.jSjjoJI ^33^ c Uojlj <> _5vjoouuü j^^b>j\JI ^ lo *jj ôj^joLuo 

c c 

lpj 3 jjiû ô^3_)c« l^j^Lxo < jiJ ÉL ybj\JI £Lûj gjjcx^r v_sv 3 Jj\JjJI ob>3^ 

Ja^oJI J3^> JljJj p\js> Jü>3j .cuJIjJjJI ctojj>\JI ,J^bLuo v_s^3 Cjl 33 qjo Jj\JjJI O3J0 

_ ! JulS - Lu j 3 ^-J 1 ^ - JLhuoIoJI _ i^^vlo JUÜ3JI iSujJûl ^Jl 3 juU j^jJI i_SvJL»— aJü ijJO JüuOJ ls^L^JI 

_ LuLljuüI _ Lüo 3 l J LcX-aJü I^SVjLjJI jolj^JI l JjCXjÛUU3 .1 JuJjÿjüÿ LljuüL^AJ I _ QuuJLqJI _ O LUI _ ISJuüvI 
■UWj ^ JL-JUJU ^^bLuo Jl>3j 3 .Q^aJI ^jJI Ijo^3j _ Ju^JI JLxxjuü _ ùljj I-IjSjï . 0U3JI _ ULtaj! 
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IxC^joJI »*_Sv 3 ^J^bLuoJI ô Jlû3 juuüüjjÿ i ^j^ajljuü Ljuj\JI QjuJ I jJ jJ I <JjO ^Jsl L^julA 0 ^ I 

c c 

OJl^U 3 ■ LaJQJj3 I k3j-ÙJ3 ^ JXjuJQ ÜjuUuljuJ Jû_juJ 33 lSJul^J I 3 i_SV aaA 1 lo\J I JûjC^joJ I 3 i LoouüJ I JüOJ^fcjuoJ I 

K r S^S <^1>-^Q Ù 3 Su _X3 Jj\JjJI 3 .Cbu 2 )j\JI ô^jjjLüJI v-Sv3 jljüijuü^l />JlC ,Jj_bLuO V_sv5 Ô^Lc Jj\JjJI 

. jJo^l KS<à>$ ljjja$iu£ jJuûljuü ^jvJLc JujJ \J ijjlxxcl AJlC Luuuu ^_svjJI 



. S oL>3joJI3 P oL>3jcxJI <jjo Jü ciLl^uju ci>juoJ £jji3l 
. ju^llC J5 ^3^ lj>«uo <XjuüjJsüJ\ 6JlsJI gjo v-Syj><^JI JjcxsJI ^lûjj-b £>i3l 


cL^)\L> 

v_Sv3 Ôj 3^ ^JC^ju 3 v-SnjoJslII Ôu*JI JL^jOU 3 v_SVjLpjoJI ûIJluoJU CLoLc c LSL^L> v_SVjlj>SûJI ^UojuUüI JojJjJ 

. Lo ôj^Lb /y^Ss JuJb*j 

lS3-a-ajuuoJ I <> _5 v -L^ zIq-juj i ^-S^oJLssJI j 3 loJ i »^_sv9 LljujIjujI Ij3^ ^jlsJj djjjkiül OI üj^LJ 

Ouc^j g-oûL^LoJ ^sv3 L I /xJLsdl Lojo t y_gv 0 a a lo à i 3I j, Iôâ JI 

! cUUI o\JL*xxJI v_SvS cUk^LuuuoJI ÔJlq} 
^yJaJI Jb^oJI _ 
^LkJI Jb«JI_ 
v^SN-Ctiu^Ül JL^ucJI _ 
. i_S\J Li£LÔJ I3 s^vj l*WI Jb«xJI _ 

. cÜLLjuüI ÔJlC v_SNjljj^ûJI ^jJLc £jJ OJ CLuUj-»-àJI j^^lôJI CLjuüIj^ <Jj>l 0^3 

! JL ^J-uljuü j^^vJLc JL& i*_svj L JjJl) I i^^vJLc c* > Jqj v^sv-jJ I ^Ü-L-ajü 
? ôj^LkJI j 3loi cLjuuIjJu gucxjuuü c LoJ\LoJI cUjIjjuLÂJI jj^LûjoJI Lo _ 
? ôj^LbJI ôÀià j3-Lü ^5^9 joSszJj v-soJI cLprjb*JI oljjuolj-JI Lo _ 

S" lSj3-^^ ‘ ^j 3^ 4 j«AS£juo 1 ^lô' àÀ.O t Ci^.svJûj t £jj^juü j 3 loï :f _ 

^1 3I juUOuO ^jJOjJ ^3 U JI jjuJdj jjixXJ ^Jjî> _ 

? ôj^LbJI j3-Lü cUjJuJI k$juuixi\ ^3^ Lo _ 

ôjJ^LkJI c Üo^>\Lo jJjO l3\Uojl v-SNJoJLsdl gLpJuoJI ju^oLr: v-SOLj-^ôJI JuoûiSJ cdljuü\JI J^JL> 3 

. guLüJI L cLpJu^ t v_syjjj^J 3I lSjJûj gi>3joJ ^ûjJô 3 j 3 cL-u \jS >°3 










clJI^jùoJ ^ASyjlSyuoJI übr^l 

Les ondes mécaniques progressives 

cLüI^jüoJI ül^^jOv, . I 

<UjyülSuuoJI O^rQjoJI — 1 

1 iSNjüjJfejJI JdLmjuJI 

cLoj\JJI olj^oJI jS$j cJL> v-Sv 9 /x_juulüJI Jj>L Ipj 3I 3 jJuS 0 ^uuj\$j cuJUI 

1 GÜjJfcJI 

3^j ^jJLc^l ,jjo Q 3 sîbjSzJj joJü pj < Jl>I CjuJu3 « <^>^1 le <3^0)3 \Ll> Jü>U 

. JjLuAJI 



2 

Lû^jjJ^ü3 03 j ^> JulC oLqJUI ^jJLc bâJaj3 ^jJLc ciJL^liuo LôJ Lajli g^oj 


J JlC. a J3-ü-ü ^AJLD 

uèuLJI OLâJ |j_D à ->3J=JI jLlujuI ^atio 



3 cujjaiJI 

}< jC&\j cLo ^Jo-juj tjJLc JoiLjuüj slo ôjJa9 viljju 


jLu-üJiJI Jojul> 3 : i^ubuLül 
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-h-juü^Jl ^9 *a lo t Jû-AJÜ^U ^SVjJuJI Û^-juJÜ L . ! t PJL^ »*_Sn 3 _ 1 


kuuj$}\ cJL> 

Jq_juu 3JI cLs2^b 

v_Sv JuJ 1 Ô3-^*xjJ 1 
Jû juü3JU 

Jo_juü3JI 


cuJL^) 

^jjo Û3SJU lS^Lo 
OjjJQ lSI oljS 

^jvJLc lS^3XXC 
Jojuü 3. i 

J^Ji 

1 

CbJL^> 

<jjo Ü3SJU lS^Lo 
cüjjo t olji> 

gjo ^3jUajuo 
}&->uJq] 1 

^LJI 

2 

cÜj C Luü 

<jjo Û3SJÜ lS^Lo 
PJjjO i oUjjJ> 

^jvJLc l 5 ^ 3 jxC 
J0-JUJ3JI 

cLoJI 

3 <=u^>üJ\ 


. jLaaJÜU Jsuuj£j CÜ^juJüJI j^uüüuU lS Jl I Jo-juü^JI ^jCXjuUU 


. GlPr^JoJI g juü O J cü^-juuüJI cUuo ^JLIojl lSjJI jjS *Jl v_SvjOcjuüJ 

; cujjaj <J£J cl^jujuJU _ 2 
. Jû-ajü^JI o\JL> jjuu ùjls 1 _ 2 
<0JJ03 <v^lo IpJ^ ô\lc ^jbfcjJI jLuuuu\JI J0-JUJ3 o\JL> 

. yûj\$z> JJLc ? coloJU JLqjüI cu^-ajojJI jLuulüI k-jj>Læu Jjfc 2 _ 2 

gprjJ /XJ t L^J CU^jjUüJI j 3>0 cLu'I vlljjfcju Igjl jLuUÜu\JI Jo_juü 3 <JjO P cJoÜjJlà c 1 CUjJ^ljJI J\L> <JjO 


. IgJ ÔjLûu>l _XS2 J jÜ^juUÜ 3 < v-SVJJuJI ^jJI 

■ Jû-juü 3 O3SU v_5\jL Ô^LcxJU lJLqjuI L.& ^_jjUUjJ c U>3-oJ jLjuULüI J\Jj> Pjl (T^üuÛLajlJU 

. LSLajoJI cl>^joJU Lûjj^j ^>isl _ 3 

JIajjI U3J ùjjo Jsuuj3 ü \3 03-jua ^LaajüjI 6/âlb ^iujlSuuo ^3^ vJnjouuuü 

J ouuü3 J JLâ> u$Sj vJvjJI ô^LoJU 

ô^LxxJU JLiLuI 03 ^ ù^jjJÜ ^LjuuüüI J .5 às>$x> v_SN jOouuü ! cLb 3 ^JLo 

■ ÔjJ ghJ I ^jlSuuISuuoJI ^^qjoJIq ^jÆjjjuuuftJI ^jlSuuLSuüoJI êlPr^oJI ■ 2 

! ^jâjüuuuoJI ^3^1 -1 

0^3 jo Ifljl Ü3ÜJ lûjLuuuül vjojuo gjo Jüol&juo O^bül I&^juuü <^34 OJDü IoJUlC 


■ Q*Oj£l mJUD 

oJ^isJI a>*3JoJI_ 2 

CUJ 3 J 0 c^> 3 jo Igjl Je ü l£) jLuuùül ^js^ Ju o ûbül «jjülaj oJ l^3^uuü ô^ 3 jo OJL%i LoJUC 

cLojLuüJI w_jjb^jJI ^svS jLuuüj\JI ôb^jl 3 c ü 3 _ajulJI ôb*jl iJc> cuJUI obLuûJI ^jvJLc 


s- 

jLüjjJiJI Jcujj3 : JjaJI 




jLüjJjUI Jojjj 3 : (jôjUJI 



cLdJI : jLujjJjJI Jojuü3 
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CLaJ 9_LJl3 IgJuO j^LjuJUoJ I iJO i LûjLuü CLjuü3jJuoJI OÜ>3joJI <JuU <JjO 


-E- 

cOoj^iiLJuuuo />l cuJ^b < cL>3joJI ci^juLb 

cüjCïlJI 

Q .ÎOAAÀiO 

1 CUjCiûJI 

clJ3^5 

2 CUjCiûJI 

Q .ÎOAAÀiO 

3 CUjCiûJI 


<={jü^xi\ oL>3joJI 3 _ 1 
cuS^lSuuo ^L>3 j0 03^1 _ I 

( 3 jJu 3 ) 

V_sv 9 j^uUÜüu\J ül ^^JLc Jju LcXjO . CÜjjoJI 03^ ^SüSkJ cl3^JI <JjO v_SO>l>jJI cb\JI gj>ûj JulC 

gjuœ jmàJJj ^a 5 uu 15 uüo ^5^ ùil ùjjo lS^Io Jo_juj 3 ^Jl cul ls! £jjiül 

oJLcJ^ cJjLuuJI ) cu^LoJI />Luul^UI gjuoc>r 003 ( ) olûbüJI 

.(cü)lâJl3 

( 3jJlaS ) 

c ü3juuüJI ^_ss-d>b^jl Ol <j-uj Lxxjo ôjiJI dJbjjO ^jJI 03^ cLuo uLlSaJu üli^JI ^jvJLc jjâjJI JulC 
. ÔjJ^Jd Qjj^ujJlÜuuo p^3jo 03*£lII ü 3 j 0J0I3 ^Laouül ^jJLc ùIju>3j ^Lojoü\JI3 
Jsuuj^J ^Jüoj 3 JolftKflu Qjicj üü Igjl L^j3Üj iS^Lo J suuj 3 ü \3 jLaajùjI JJLsd 

■ jUüü/UI 

cUIqjudJI ^jlSuJLSuüoJI ô^qjoJI ■■ 2 

OJLû) Uü JU fij LoJLxC ■ IJLPr 0 jjl*£X 3 ÔJÜO JO ÙJL^J Ô^âlb P^3 jdJI 3I Ôjlôp kSjSU 
o^3jd jLuuüJI ol>Lcu .CUJI3JU0 o^3jo vjslc J*£i2d ojujlc ol>0 ûjLuj^JI 3I 4^3joJI 

. cidLbJI JlfijJl 

. CUJI3AJO ëuSbjlSbjO oL>3jO ^jvlc *J$*ÆCx}\ QJO <jAjOÜ cül^bO oljljjLd^\J cÜLiuoI 

. Lp-JuUU 3 Üj _XSJ jjjO CÜjJO CLÛJlS^X) ÔjJLjuJ _ 

. ^bjJI >ajUJ g^>b> Jlp* _ 

. ûlosSJI ^3! jjjj JulC _ 

cLb3^cJLo 

? cisUaJI ùJl& çIqjI bo T )Luuüü\JI Jq-jujq cisUoJI , Lfljüu 

g r Jo3xJI jjSü ! &ë>$}\ ci9lb ) cuSbjlSbjo cisLb ^jljulLaSu L^jIs J-PüU S uSjJaJb CU3JUUÜ Oljo| JulC 

. JjLjJu JA_jJu <^5 \lc ( ëuSjcdl q 3 lbJl 3 « 
Ipjl LSI S JOJuoJI <téjS> JJJULÔJ Ju»J 2J jLuüüu\JI iljuü3 iliü <JJO CLbüîJ J .5 ^jJI CL>3 joJ| JulC3 

. S ^xJuoJU cuSbjLSbjoJI cisLbJI Lû^j3Aj ^jljuULaSu 

. QuSuj\$+o cisLb JijJj tjJLc « cisLb JLqJDI L^-iJ>L^j J-fJaJI J3-b cL>3joJI jLîjlüI JülC cül lSI 

^USyjlSyüD Â^rQjD jLuüùjl c IC jjuJ — 3 

4 eu j^ü — I 

^juJLol^ QuU jJ3x£>3 Jjjuub^ljuo J3^> c UÂOjJiiLJUüJO ^L^bjlSLuO jLjuüÜuI ^LCj-ajU jjjüIa 9 

OlûjuOü Lo^JLo 3J3 d 49 LuUUO Lo^JlU Jui£LQJ Ojll^J B2 3 Bl ( k juûuU3 J ^ ^JjZlSSjljlUU 

. v-s 03 >iSJi 

. B2 <=L*JLcïJI />lol Lû^j3jj0 JulC ^^ûS3aJ3 CjlûjjoJI JsOJuu i Bl />Lol CL>3 joJ| j3>0 JulC 

■ d qsLuUUoJI ^JlLO^joJ B2 3 ^1 O^ C L>'3 J ^^ jbuüLûl L^ 9 jJ 2 jljuJU l^oJI At CbJuOjJI ôJ loJI (JüULlQJ 
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! <ûJUI gulüJI <ta _ 5 \JLc ^Jui ££>u 


d(m) 

0 

0,5 

1 

1,5 

2 

2,5 

3 

At(s) 

0 

0,09 

0,18 

0,27 

0,36 

0,45 

0,54 


d — f(At) JjuOJ lSjjLOuJjO ^3j3 


<jjj3^oJI J-ôI ^jjO jJÙJ ^OulQjLajUUO ljOLc Ju^ü 

C C c 

^LCj-juU i^JvJLc C Jju vIjul^ C — Ol <^Sl At CLuuOjJI ÔJuoJI §JO Ia b> jjSÜJ d Ol (^^lL^jljuUU 

Af 


. J-pdl J3-b cl>3joJI 

■ t | jj>^JI Jdo jLuüùJ^JI CLCjuuJ l5V3 jJQJ s^JI »]joIqæJI ■ u 

. JjJ^JI jjjULÔjJ CÜdLjüJI Qjj^üJ\ jjjULÔJ JlaSJ 
jLJuuuI clc^juü ul cIj3_aJulJI ^dUojLjujI jj£ù$ JJ3JI u ^ÔJ3 J~pdU J3-LJI <jjulqJu ^olSü^û 

. CUüb ^JnJLÜ ^L>3joJI 

CIa^JISLajO CL> 3 jO jLuüüul CLCjjuü Jjjuujü 3 J-pdl JJ3J >*^3 J3-b.il <jjULQjU ^OlÔJJ>Ù 
J^b Qs>$j*}\ jLjjüul CLCj-juü ^bjj < J-pJI Jj$j grûJjl loJS < 3 j| 

cdLül LSi> J-pJI V_sv 9 j^Z)l CL>^joJ| jLJulüI CLCjjuü U 35 u < JJ3JI IJJULÔJ IcXgJ <JuJLpJ CUljuüüJIj 
■ jbuJÜu\iI Jû_juü3 jQ*oS ^bjl loJS u ^L Q J u jLjuJüuJI CUCj-juü Ol l si <ûJ3-bJI 


Jiuüj yX ^JLÀjuuüUO ^3^ jLjuüùJ I Ô. Cj-uJ \J$£j yjüu bü O iS^lo JûUuJ^J ^juuüüJÜ 

3 ^jJ 3>0 Vju> ÿJO CL^> 1 ^ t jLuüùJ^II JsüuJj ^SUjJûJ y^lsüJ ü \^3 ^ OJJÜO VJ-C 3 o^juaJI 

. OJjl é ùj $*03 


^3^ jLuUüul ÔCijmJ ! ^3^° 

3 _b ^ 3^1 cl> 3 joJI 


.jLuUÜü\JI Jû_ajü 3 CLSLa-Joj ^laju 03^1 jLuULuI <ÛCj-juü Ol <UjJ*jJI 


■ cl3*JI 


m/s *s-j 03 *£iJI jLuulüI clcj-juu 

kuuü$}\ 


cuJL^JI /)Luul>\II 

6,5.10 3 


4.10 3 

c LOOj\J1 Ôj-juJLsJ 1 _ 


20°C ÔjIjJ> ct>p JulC JJI 3 JUJI 

15 

tloJI 

1,53.10 3 

jJ^iJI &Lo 


20°C às>jï JulC oljlâJI 

340.10 

cl 3 ^JI 

1,33.10 3 

l >jJ> 3 j_Xj^JI 


^jlSuüISuüO OjLuJIq JDuuUL^r ijjJ ^ÜjUaJI ■ 4 


/XjuUC> ClSjJ> 

CUkSuulSLoO ôjLuü: 

^Jù^uO Jü> jLuJUO 

>juüJüu Ol < j^u0J3 S-«Juo qjo UftUoil 0>JcO 

oLdibo\JI gjjcx^r 

ô^LoJI JÜuül 

ôiloJI JLttijl /sJlc 

ol lSI êl>JI V-5^ cid3^-JuJU /XjuücJI JjUüJ 

^jjO j-fc^l ÊM C^LCj-juü 

<ÛCj-juj lSI èl>àJI J-ûjüu^J ob>3oJI 

i^_SvS jjS 1 |^_SV^ LoJuU CUoJlSjuO Ld)jLjuJÛül 
































jlâJI 

ÔLLuJI ^oLjudL^^I ^JjO oJLqJ 1 ^/oIjuJL^'YU 
cujlâJI />Luuc>\Jl3 
v(solide)>v(liquide)>v(gaz) 

. CLaJJuJI ^3j^juJU t qJLs^jU ^LCj^juJ 

CLuJuJI Jo3j^uüJIj ^Jku\J Ô>£0 jLuüüül CLCj^juü 
6jjJz*£> cüüa^juül cJL> 


£ 

QjlSuüLSuüO À^QjpJ ^SVjüOiJI »5 

cI>3joJI ôJl& jLjuüuI cLCjuuu V 3 <-9>b S <jjo ls\LLül J jfS> J3_b cuSbjl^bjo cl>3x> 

. J^JI J3J0 

. d = MiM 2 cisLuuuo cl> 3 joJI CjL^kiS ÔJuoJI ÔJL& J\Jj> ■ t 2 3 ti v_sv9 JijJj 

. S &xJuoJI cJüaljuü\JI <jjulqJu vIIjJ^liüljuü L^JLs M2 clLlqjJI cL>3joJI J3^3 JulC 

! cuJUI cL 9 \lsdlj L^JlC >a^3 cL>3joJU v-SOuojJI jJ>LJIj 0=At=t2"ti v_SnjCXjuüJ 



CUSuüliuüD OSTQJxl OjolgJI i j^>lasJI — 6 
jLuüuuI ôbül 1-5 

. IgJ cl>LoxJI ol&b*j\JI g-*joj> v_sv9 IgÆJuo <jjo L9\JLLxiI ^L>3 jo j^JuüJu 

■ jjumlSuULS uüO i/jjyi^QJO V-a^Iv 2-5 

? <JjJl> 3 jO LoJülC CjJczj I i> Lo 

( 3 jJla 3 ) QjjSzj 

ûLSIjJu J-caJI Cr° P ^Jûûj Lxx^jLüJI JulC ï QuûdjL àJuo ,jjuu>^jo CfJùzû J jC> v_svS>b ^^JLc 

: bz>W J3 



JlS 2 J lxX£j\J < JuÛL> 3 joJI <JjJ /)^L^ü O3J0 />JlC 
Jjub 03 ^ Los^JuO J 5 jLjuJÜ U 1 jjOÛljuJU Lo^jLûjJI 
CL>3jO J.S ksüJZJ CjuSZJ é LcX^a^IjJ <^>C güli 
■ jLjuUÜu\JI ^LCj^juU jjjULÛJ 3 JôxJI ^jjULûJü 
cUjuuuJIj Joi?.S àu^\s*}\ ùiîb ; ÔJg^üjD 

cÜU qjljuJI 3I JC> Ô3^uUÜ oli> oL>3joJ 


g ôio.in g i f).vr.~ 11 
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jLûûuüUI Jsyuw3 ; ucwLJI 

v^jjLoj 

M 

MÜ 

J ! 1 II II II 11 lu 


(i) 

(2) 



}jüoJI PjlSuü LSuüdJ 

. yjCu\j J 5 J 9 CUSjüLSuuO 1 iJJjJOJ 

\jÂsu bâ-bj dJUi>3 vêulj ^L>3jo 

. ôb *9 Lû^jJjJ^j 3 eu LU <jjo 

êüô^j v-SvS LJI CÜL> qJLô.juül JijjJI JjJLoj 

. t QJu<SLO 

vêu b J3I5 ôj^uuuüucxJI ê^>^joJ| Jj^ _ 1 
? cLJ3_b />l cl^jJUjujuo 

(2) cLo-bjucxJI v_SvS3 (1) cLqJoJuoJI v^svS ëdb> < t êdâ^JUI JulC kJlæ _ 2 

. cl>3joJI IgJL^ü LoJulC M cLbüJI ôb*jl3 ^_s^uuo ^Jo _ 3 

. OCM^JI V^ L uüL> 2 jJJjJOJ 

M2 3 Mi ùU3S3j.SL*joJI Jl>3j . S v-sv-biü &y^° CH 0 bLajuuo b3^ M2 3 Mi ùb393j.Sbjo .küilL 

. d = 68cm êÜLuJuou \jÀsl Jl Lx^Josj ùI_Xs*aj é S v_sU3^JI g-yuoJI gjo ÔJ0I3 ^LojLjuül ^jvJLc 

. M2 3 Mi <juabûJb ô^Jc^joJI ctaJaiJI gjL> S g-iJuoJI Jc>3j 

^Ô_juü15 CLjuüLuü ^JvJLc <JjU*j 

oljLuu\JI vjujüJI 
3 Mi cLh-juu^ êU^iiiixxJI 
) v_sULo3JLs2X) b-»juü3 jjX M2 

( JSLaJI >Jâit 

êub-jü ^P^JUÜjl 1 

. JjOsi2jLjuUUoJ I \ r S^-J I 

. ^3>b v-SvS 03^1 

iU» JoJg Ô^rojo jLuüuuI ciCjuuj 3 i jJjjdJ 

Y 



|Ll 3 J-pJI JJ3J ôJuuj T CjlaJ> >)'3jo J-s> J3-b ëu>3x) jLduüul clc^juj c V = 


êl 9 \baJI 


£=j 


. CLJ3J0JI <=uJb 5 

eÜ3-b t J ul> J3-b cL>3jo jLJuluI clc^juü <^_jljuul>I _ 1 

L^iju^o 63 su jï$x> m=1,0kg eu h$ oî ôuj> £ = 10 m 
L^J\b>' jjSD I eLuuOjJI ÔJuoJI QJJLLku\$ ■ 2 , 5 N 

. oJS J-pJI ëu>3joJ| 

J-oJ I ^jjULÛJ LJLo^-juüI N eLCj^uüJ I ÔJlQ} jjSZjJ k_ÛJkS _ 2 

S* eLûjLuüJI Ô3ÜJI ÔJuuü oIjjO gjjl LpJJL juJ Ô3ÜJ JJ3JO 

M = 160 g ëuxJb^ ëdb 5 ëLh_juul3J J-pJI jJ3j _ 3 

1 JijuuJI jJbjl 
J3_b ëu>3xxJI jLduüul ëLCj^uü ëux^S «^jujoI 

g= 10 N/kg jc>b3 . ëbLxx^jo ôj^LJI ol 

ûjlj^JI ^b^JO jLuüùjI ^CjjuJ 4 ijJjJOJ 

ëLalbjoJI ël>jAJ v-SvSjUjjJI gjo bljJol «^jljuüLuu I v-SvS 03^! jLuuüul clc^juj 

■ cl 3 *J 






































R 


. <=L9\LsÜI ôJl& jjX Lubbj — 1 

. 25°C jult: /xj < 0°C às>j± ajlC cl^JI v-svS 03^1 jLuulüI clc^juj «^juuoÎ _ 2 
v=340m/s v-sv-di 15°C ôjLpdl cu>p jülc cl^JI v_sv 9 oc^JI clcj^uü v-sv-bsü 

■ i n SVjLyüO jpyyJj Üliâjùyjl 5 i/jJ>0J 

ijjJLb^JUI v-SvS c^jJi/LJuuuo jo cj^-b j^uuüüu t ^ = 10m cj^-b (AB) \Lj> v_sJUI JijJjJI Jjucxj 

■ b 3 tl bx£i*jjb 

. CLZ)j^jljuUUO CL>^X) <-ÛJ> 2 J b_d _ 1 
J^b CL> 3 jCxJI jLJuÜuI CLCj^juü _ 2 

■ Jf*JI 

IpjJuo £üjuljuüI 3 cl> 3 jcxJI J^b <jul£ _ 3 

<JjO CI>3jCxJI CjulSLûI £Ujb lSI V_sv5 — 2 

? A qb.QjJI 

JgQAjyJ qjftiü JuJSÜ 6 i jJjJ0J 

■ güçLg 


zE 


s 


S 


-t = 0 


t 2 =o, 


B 


2 s 


■ « 3 >JI ^JSj J-^3 14 , 7 s j3jj 0 J iSLf JlCjJI ^LjCXjuü /XJ v^Svji^lc />3J J\b> 
bj>\LoJl3 i3>JI Lgj3 CjJo v-SvjJI ^ibiijJI <juu ëlJL^LàJI q^LuuuxJI «^jljuuoI _ 1 


ï\$$J\ v_sv 3 c3^aJI jLJuluI cLCj-juü 3 V= 340 m/s I ^svS 03^1 jLuuüül cIC^juu «,-Sv-baj 



. t=3s £UjUI oli> CLb^ÜJI JülC ÔjjIjJI ^Uljuü V 
S gxJucxJI <jjo d = 10cm cisLuuuo tjJLc Jl> 3 j «,-SvjJI M ëLbajJI ^jJj cI> 3 jcxJI J3^3 cib^J 

. M 3 S <JuU V-SNJUOjJI jj>Lll 


I-V 

■l-Ê 

î_* 



l n SVjLyüP JPuuJj JUâ)uujl 8 uJjJOJ 

J^UUÜÜU CLJOj^iljuUUO CL>3X) t ÙjjO J-pd S «wSjbJI JulC CjJC*J 

. v=10m/s pxj^uuu 
. S g-jJucxJI JulT: ôjLi»VI glbo Jc>3J t= 0 s JulC 
■ t iJjOjJI cü\iju ^xjuoJI ^ÜlbjLjujI oIjjlSJ i c bLô_Juül ^JjuOJ 

. SM=4m cl9Luuuo ^jde. Jc> 3 J < J~pdl û^o M qbiü 

. J QSÙ <jjo cLbüJ At <^j3jJjlJI ôJuo ^Jl> _ 1 

■ M 3 S ^J.AA b 6 À JI (JjJ T V-5VJU0jJI jJ>UI ^ Jk-JUÜJ>i _ 2 

ls\ibjl ojojJI qJ\Jju M cibüJI cÜlb jLjuüI gLjüüuül <jijCXJ 'v_Q_aA _ 3 

■ Y|V|(t) I Jjuo ^ S cJib-; juüI ^jjo 

. t=0,8s oli> c lb^JÜI v_sv3 J-iuo _ 4 
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1 ^JLuüJLuuJI tJJjlo 

^LjJ! ^U5ujJi^uuoJ 1 vjl^r£JoJI 

( ^LCjjuJ uLuük^ ) 2 

Jjo^iljuüjoJ I ^syjj><ïijJI eu Lu 1 



cl^JI v-SvS 05^1 jLuuüul ëLCj^uü ^Lujo _ 2 
ti =0 ojojJI JüuoI ^ 5 ^ Mi ûl 

jj>Lu lSI t 2 <Uô^JUI v_sv9 Oc^JI JaüiL M 2 IcxJlaj ti <Uô^JUI v_sv9 Oc^JI Mi Ù3S3 j3LoJI -LûlL 

X=t 2 "ti v_SvjuoJ 

T— 2 ms 3 ^ v_s^-*jojJI jj>L)l 0 I 9 JIjuûJI ^jl_ajuij >3 

M.M 2 . 

- ul JOASUÇ) 


T = — L 


V 


! ùl9 usJUUg 


T = 


M 1 M 2 


MM 

y _ V 2 


</ 

T 


1 / r 

1/ = 340m / s 

3 \JJj-oj 

\ Jj^lo CL>^oJI jLudüjl CL CjuuJ l_jLuJJ> _ 1 


m 


i_sJUIj3 fl — — : clJUI cis\bdL L^Jlc jj&j$ JjjsJU cuJ^kJI cüLooJI jU ùî oujsj V — — 


£ 


M 


v = 



! £} ^ ^Cj-juüJI j-j^jSD ls 


T=2,5N J+^JI jj$j : T 
£ = 10m J^JI J&i 
m=l,0kg J>jsJI qJL^ m 

V=5m/s 

! cÜS JjjaJI JulC <1j>9joJI <Jïj]o ^jo <L9_>2jLjuULoJI «LjuOjJI OJuoJI 

V = — =^> At = — = 2 S ois ^JUU 3 d = £ o\ ûucu 1/ = — 
At V ‘ ' ■ ' At 










































R 


v' = 


\r_ 

M 


=>/' = 


: ois T'=4T 4Jb* ^ _ 2 
T 


\4T_ 

M 


= 2 . 


= 2 V 


yi 


U 


cLojLuüJI <=L9\JLszJI J\Jj> <jjo gLÛaju ljLd>3 JjjaJI ÿ$ï> Sh 0 P»Cj^ujJI 
ÔjJ^J pJL> ^s 3 CI>3 joJI jLuUÜul CLCj^juü PjCXaS 1 _ 3 

( <J£ojuuJI jJûjl ) PjCxJbiX) PJLiSu 

^_3jLuuJI JjJàJI J 3 J 0 L^LuJU CÜ 3 J 0 <JjJ> Jjcxajüuül /XJ 

û35ul-wj «JbJI ôjlû^ v_sv5 CUJ 3 -LJI <=iJLlSJI jjjulôj <=ü lsI 

! Pà\Lsdl £uuZ*j 3 T=Mg ÔJJ 3 J ôJuuu « jJ 3 jLxxJI 

T 


T 


V = 


V = 




m 


= Am! s 


ôj>&Q jLuuuül px jmj 4 

! sl^JI v-SvS 03^1 jLuJüüI CLCj^uüJ v-SOobjJI _ 1 

v = K\[t 

r = 273 + ^°CcüiikxJI bj\j3*}\ «brji T ùî 
: 0°C àj\js> às>j± Jû-C cl 3 ^JI v_sv9 03^1 jLujlüI cLCjjuj _ 2 
v_svS oc^JI jLjjüul clc^juü Vi ol jjüsù T=273K pJb*JI ôjl^ v-svS p-qJÜoxJI pj>p LjjJ 
V, = K^T\ ! LujJ cLûjLuuJI P 9 \isdl i fc _ JLJU uc >3 0°C ôjl>> P>p JulC cl 3 ^JI 

ol lsI 340m/s v^ssjfc 15°C àjljs> pj>p julc z\$$J\ k^s 03 ^ 1 1 ëicjuuu ol oLJaaxxJI ^ljujo LjjJ 3 

! K v_ jojuuc*u 3 T=285°K 


v o — KjF 0 - 

K = 20,0SI 


K = 




Vi=330m/s LujJ o°C jjlc i^JULs 
. V 2 = 345 m/s LjjJ 25°C ô,I>> cl> p -o.C 3 

! iSSj L uUd J I JXjjJjJI JMÂajujI 5 ÿJ/AJ 

. ô3jJjüJI ôb*jl l 5 ^ 3 jcxC UjLîjlüI ^j^zjüo ü$Su Lo JuoC ! <Oojj£Ouuuo <0>3 jou ^ôjjSü _ 1 

! J3^> PJ>3joJI jLuUÜul CLCjjuü v_jLujo _ 2 

lcm /xJLuuJI ) 4m psIjujuo ^Ioqj Sx — t ^— p-uuojJI ôjuoJI 

! V P-Cj^juüJI ol lSI ( lm JjLoj 

_d_ 

V A t 
v = 40m/s 

PQ=2m olà JijjJI J\Jj> jjjo PQ cl>3joJI J3^> 
ô3jJjüJI <jjo Pàj.âOuuuoJI ôJuoJI : às>$j :Jl ôJuo 

PQ 


T w_j LpJ Jjo jJ 


PQ = v.r^> T = - = 0,05ml s 


: A clIoüJI o-o cl>3jcxJI ols^jjl _ 4 
JulC J-pJI >p-bu> JJI J^jJjJI <^jljuuc>3 A clLlqjJI qjo cl>3xxJI Ob*xjl 2Mjb 3^ to >h^J 

! k^jüSj ti= 0 , 6 s 
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AQ = v(t x - t Q ) => AQ = vt x - vt 0 
AQ 


t() h 


cüaüjl QuU ciJLwoLôJI qsLuuuoJI v-SN^ d ùl 


. to=OS ! lS^JlC ^ 3 juJoj 
. cüLcl^> i>5iLuü cdaâJ JuJcù 6 <jjjjoJ 

j d = C.^ ùl lSI c?oIj ti cdô^JUI 

JoJ>\LoJl3 Pj2_cL^J| CU3 CjuJO v-SùJI 

d =V.t 2 ùl tSl JlCjJI ^Lo^jü £ujb t2 

LiüjJ LjujJ I ( a j-«Jkd\ljÜI V -jljijüL > 3 A t = ?2 —^ _^-fcjLS2J 

. d d , At i i d d 

At = -=>J = —-— ùl i_sl f, = — Q /, = 

V C 11 2 V 1 


c 


y c 


1 c 1 cil 

d = VAt cL9\JLsaJI rXj^eüç) — oLol — JIojï>I ijAjOjoJI i>o <_Sl —«— ùU? C>>V ùl Loj 

y c * C V ‘ 

d=5000m : sS^jlc ^sJcü 

<u5uJ12Ûud cùuuljJ 7 ijjjjoJ 

1 

. cùr^xJI jLuüuüI ôbùl 

V=0,02m/s ùls ^JUUs y = — ùî/Jai 1_ 2 

A* 

. « d 

ùl JüÙ A t = t — t 0 = t ùl ÙjuC*J y = — C0\lsdl ^jùJojU _ 

d = r = Vi =^> r = 0,06m 

: M cJclqjJI ^JJ cù>3joJI J3^3 _ g 

. d d \ \ TZ d 

At = — =^> t M = — ùl lsI y = — 


y 


y 


At 

t M =5s 

! M 3 S ÜjJ I jjuU T v-SÙJOjJI jJ>LaJI ^ 


^ h 
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clJI^jüoJ c UéSuuISuüdJ 8 übr^l 

Les ondes mécaniques progressives périodiques 


CUJI5JÜ0JI cuiuuliuuoJl . I 

QjUOd^JI OL^QjoJI 1 i n SW r j^ttjJI JoLjuJuJI 

! quûl>3jo qjLs2j 3 S^-V-bJI ^O^juüIj qlo xajI^J 

! cJI QjO ^JlSjuuO c 1»>3 j 0 _ 

Diapason oU^jo <jjo qiszjJjz ôs>$x> _ 

? oL>3joJI ôJl& Jjfc _ 1 

c^^s^jûûJI jjjulûj3 ^jj 3-^ ^-i^juuoJI c I^'3 j oJI 

■ ûUjjoJI ^jjo ^jlSLcLoJI c L>'3 J ^b c LyuuuJ 
. ^jj 3^3 ^[300 ëuSbjlSbjo oL>3jo <Îjj$jæJ\ oL>3joJI 
J^ljÛlJU jjSLjJ jLjuJüü ]cUuJ$ ^jJO PjcLfiL ; , ;: >J ^JuZ)LàJ Ô3-^ûJ Ù 

■ o-°>JI &° 

■ QjJL^LZ^joJI QuuujuJüJI QuuQwJUÜjJI (JjJ Ojl§ _ 2 

CUJI3AJO CUSbjlSbjO Qs>$JZ C^JÎj^j^jcJI cJ\J| <jjO CU^xjuoJI cL>3joJI 
CUJI3JUO CL>3jO v_SV-Û^ ûbjjcJI jJjO ^IjlSjuuoJI CL>3joJI LoJuU 
ctuuoj cJI^ àj\uL& 3^ ô3^uuüJI û\J ■ ^sm>: ^0^3^ 

■ t ^jjojJLI cL^juuuJb 

C c C 

I j3-^J ^jljuuli>I < 0 , 5 ms ^lqjuqJI ^jnJLc Jqj u ^> v-V-bJI ^Llüs^JI juuLajul^JI jj oI LoJLc_ 3 

■ ùbjjoJI vjjo cUa^JuoJI cLu^^JI c L>' 3 j ^I ^üuuLjuüI3 ^-^403*^^ 

T= 2 . 0 , 5.10 3 s =10 3 s ! cJ\J| <jjo cUsljuoJI clü3^JI àj>^oJ\ * 

. T= 2.10 3 s : ûbjjoJI ^jjo cus^xJuoJI cL>3joJI * 
■ 3-^0 ^L^Sbj l^bjoJ I c L>3 j cxJLI cujuojjl b T v^ssjcxjuuü 

^Luy^JI ^jJI^udJI CUSbülSLüDJI c I^QjoJI ■ II 

CLuujJI OjJl^jLoJI O^t^joJU wÂljAÏ — 1 
JjjJI J^b ^a^uuLSuuoJI üI>^joJI 2 i n sw r j^üJI JgLuuuJI 

^Jjl^ ^JjO JLajUÜÜ i I Jo_juü 3 Û35üu ■ 100 Hz ààjjJ {JjJuJclÀSLOj^S juub Gl>J CLuJ lS^X) ÔjSLjuJ JïJjSzJj 

cio cü <jjuIS v_sv 3 ^bJI i_ 9 jJoJI tjvJLc &Û03J LcxÂjj t ôjJLjuuJI cül^Ju cUSjJo Jol CjuJ ^Juuuuo 

. CL>3joJI ^L^lôo^ 

! ^^01^03]Lj ^jvjOouju v_svjb>p-^ jlpjsr ôJl& v_sv 5 Jjcxs^iüujü 

j^^vJLc lS3^j*j 3 t T e CO3LJUÜU03 cuJLüjo ^-A-iuoj ^Juo c ^j - h uiJ ^*-^3^ oLîûj03 j-^æu ^s^- , 3J^ , ^! 

. Ve oLoj03JI JcüüJo3 <jjo 

cibL>\Lo < jjo ^cxaS j^I ^jJLc oLojo 3JU V e hbuëü^ ohjuj\$j 

. 3^ 0L0L03JI cJbJI <ajl& v_sv 3 . J-s^JU LSj^lb vJiSÿj 

Ve” £ 3 V e +£ ■ Ve c Lou»jlU c \jLJuuuJb \bJl 9 (^>Lo3-JI 

. cl>3joJI jL^uuul ^joïiJuo jjjulûJ v-SvS J-P*JU ^Uj-bu cOj^Ub <téjS> ^>\Jj V e +£ 
. cL>3joJI jLjJJj\ ^jnj^JuoJ ^joSbijoJI ^jnj^iJuoJI v_sv 5 J-P^JU ^LLi-bu cOj^lib V e - e 

jloJüwul 

S* ^zblo^JI vUc v_S ^9 Jl^ü k- 9 -^ 5 _ 1 

< 0-^13 t V»-juuu£tQ JijJü ûl br>\b _ 
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_ 2 

ÔjJLjÛjJI 3LuUU0 t ^mJlX^jjJQJ^_ajÜmO ^Jjl^JI ^JjO M ^loQ ) Ol (j-*J ■ 


LSj^lb KJiSÿj S gjuuoJI lSÎ J-pJI <téjS> l^Luju i^ôLo^JI O3SU LoJülC _ 

■ J^JU 

t ojojJU Ij c ^H t ^s^' Ys=f(t) oJIjJI ol lsL T Ld>j3-^ ^JUq* **jI S ^juuoJI 

^Uu> ^jJI^JuoJI Q^$jxl\ ùl Ü 3 ÜJ . Jjl^JU CUjOJjuoJI JoÜjJI gjuOJ^J CÜljuUüJIj Ci^S^juüJI (JJÜLÔJ 

: vJujsü 

igj üÿjÂ&Jl v5vJU>aâJI jIjlajoJI u$£j <u>$x> OmjcJI Oi^jlII OjJI^jüoJI o^joJI 

. ijjojJU PjuuuuJÜ ^jyypr <=ÜI^ 
cüJLo jJI OjjqjJI — 2 

IJLû^3 -Tm=Ts Ol \S\ S g ju u oj l \JS$[mU m ^UUCÜI cOJI^ioJI C^^joJU 

■ Te gidlo^ SS3OWÜU 5 ^3-U 

^jJlSuoJI <V^3JÜI — 3 
. v-sOi+ii^JI /xJLuuJU t v^svS J^jaJI >£-tbo Jjuou <3 jjL> J^jJjJI _ 

( cu^j> qJb) y=f(x) ^SyuC> <JSLuü ^JvJLc Û3Su vOupïU 
<0^3 JÜ ^jvJi^JuoJ I Ijlû^ juuoûu . t v-SvS J-C*JI >g-bbO JjuoJ V_svjjl3 

Àu l^J Jjo>i3 <^3joJI J3J9 ^sjouuüü OjJlSuo 
ci^aoJI JqJoü viujJü —4 
(jjuJflüy ÿyj oJLolaJI c^LuüuoJI ^3j&. J3J9 iSVjouuuü 
ô jSUB ■ a^sJI ^/ajlâj j \3 <^ a pJI gjmiu LcxgJ ^jüüJLüuo 
o^3joJI L^fiJoAj ^jvjJI o 3 LuuuoJU cl^3joJI J3J0 JU iS 
T^tPr3^JI jB^ S^OwUU ^JUÜOj ôJÜD JU> ^JuyCfcJ ÔjJI3JüoJI 

A = V.T = — 

V 

(m) 4 pt 3 joJI Ü3J9 : À, 
(m/s) o^joJI jUouul clc>jüj : V 
(Hz) ci^jdJI üjj : v 

M1M3 3 M2M3 3 M1M2 u^s — 1 

. M3 t M2 t Mi -büjJU cüjljjLd>\JI o\Jb*JI Ojls _ 2 
. CjJ^I jJjULQJ jJJULÔJ IgJ JoÜjJI ôJlû^ 

. X cü\Jju M1M3 3 M2M3 3 M1M2 olsLuuuoJI - 3 

MiM 3 = 2 X 3 MiM 2 =X 
<jjo N 3 M QjjJoiü jjuu J uÆJü v-SvjJI ^sLujuoJI CjùIS li>l cLoLc cLûj^u 
ol l si X cl>3joJI J3-LJ Ljlc lS3Lujü J-pJI 

SN-SM=kÂ ke N* 

. j 3 JoJI v^svS ^^JLc oIjjl^j ^juùlLiûjJI 0I9 

M 3 P Jjj^JI <jjo QjJLkiiü t juU Ju^lûj ^_sOâJI cisLjuuoJI CjuIS ISJ3 
; cl>3jcxJI J3J0 Uv>S I^JlC i^S3Luuü 

SM-SP = ^à 



2 


ke N* 
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. v-SvS jjjoSIsJ <^ 5\JLc ùl jïÿj <juûLbiijJI 0I9 

4aju> cull^ > ^*SuülSyüO ^ 3 ^ ^5^ Ô>û>LbJ uSVjüjJfejJI jljjill — III 
^jüOyLAjuuüüoJ I cuJI^jüoJI q^ 3 joJI 3 UjJIjJI OjJI^jüoJI o^joJI _ 1 

CQwIjJI ëüyy^JI ÔjJIqJÜoJI q^QjpJI — I 

cLoJI ^lLljuu tjJLc cuJI^ixxJI cl>£joJ| : cbuu q-juul p _ 1 

t Oub ClSuCXjuü cLo tjJLc oL>SjoJU L yD3^> V_sv5 

<iSjS> t v_svjb jÿ£ j\j$j JuZlJuO jLjCXjuJUO cÜû-juüI^J <ÙJCÙ 

b^LfiJ3 . 100 Hz là^V)j QJQjÆlo 3I cLoub cUjljjLû^l 
v_soJI <jJoüJb ^^>3^11 i^jùl3^> 3 ^uo 5 u ci>3jcxJI <jjuÜaj\J 

. L^ÜJCXJ 

? L ybLo3JI -bL>\Jj li>lo _ 1 

JulC LuüJu qj^b oL>3joJ cLoJI gjû_juu ^jJLc Jô^>\Jj 

■ cLxJI ^ lo ka) ^jJLc >juJÜ ÜJ 3 jLo^juUUoJ : jjjü \j 

. ëtuupr ^Jlsjuo cuSbjlSbjo ol>3X) LjjJ 

: qJô^cJLo 
O^joJI O^joJI Ja> 

^jJLc ÔJC>l3ijoJI jLuUÜu\JI WjuJ$ kïÙ JÙjOJ> • 
ùl J3ÜJ . cÜjIjCXjO CLaJuSu jjLÇJ ÔjjIjJI jjjULQJ 
cL>3joJI hd> jjjulôJ ^jJI v-SnjoJJu JclûjJI ôJl& 

Jo>- ^jvJLc lS^3jcxsJI SM /xjiijLjuuuoJI ^jvjOoujl^ 

^j^zJuo 3-ûi ôb*juo cl>3joJI q>^xJ| 

ci>3jcJI jLuüüul 

qjüOyLftjuuüüoJ I cuJI^JudJI O^QjoJI — v-» 

jlj^j cdL^Üjo cuüsl <X>uJlæ <&uuj\$j CjJszj c Oub' qSuOouj cio ^jJLc lS3a^j oL>3joJU v-SvS 

qjo jj-LlqJIj ^ 3^11 3 juo 5 u c cl>3jcxJ| IùLûj3 . PjoJb Qjj\jjJù\ <téjS> ^jLj^S 

. L^oL^ÜjoI 

clLljuu^ Ju^ù I-XSL&3 c qjjjQjj-ûjL juUUO O L>3joJ cloJ I 3-bjuu tjJLc <ÙJcù cl^jl^JI ùl I^\Jj 

. cLAjcxjji^uuœ CLJI3XX) ob>3X) ^^JLc qüjj-bJI ùlîù 
Lcxa 3 Qjj\$Jjq q>3joJ| q^jJol^ cùfcjji^l ^3 ^juuuo gjo ëüjl3ijo olo^iiijujuo ôjbx q>3joJI .b3-ki> 

. cl>3joJI ■b3-b> < tjJLc cu^3jo^ 3 LpJuu 



O L>jjdJI ^jj _bu> 
OL>3dJI j$aS J ai» 






































^£jpdl ô>£>lb — 2 

6j jSLG PjflUuüloJ cloJI ?x]flUuJ lSnJLc ^U5yji5yuoJI üb^JoJI 1-2 

: àjjzü 

i lo » AjUUQ ^JSLjUÜ <> _5vJLc ÔJ0I3 ÔjoU^JUül <> _5 vJLC3 t OL>' < 9 J ^l L*-JUülj ^ju£U 

vijucau ■ ô^IsJI oL>3joJU cl^Lo (güLû_JujJ 3I <j-b 9 ) ô^Lxxj 0^3^0500 

.£ 3-ûi CL^-ôJI IcXgJuJ CIJ^QJ 

. 3 -bjuuJ 0^3 cLuOui^^ cl> 3^ i jlj^ cLbjuül^ « cloJI 3 -b_Juu ^^JLc 


Photographie I 



Photographie 2 



üijl3 ^->30 


X 

*—* 


I ^J 3 JI qJlÂJF 


;n 


ÜiiAD 


oUô^\Lo 

ir>\Jj . i » A : lsJq^)I qJbJI 
.kuJo ^jbVo^j cloJI £lLijuu ô&Lol AJlC 
<JiS3j >p-bü v_svjJI oLajof^JI ^.sJ-C 
Pj>^o ir>\Jj < à^jl^JI oL> 3 joJI 

c!j 3 J^ÛlJLxJuJ Ôjul 2 a£lII CL^qJI 

■ bJ I I 

cL> 3 joJI jLüulüI <jjo Jc*j cL^liLôJI 

^^JLc v-SvjliJI J0JUÜ3JI V_sv 3 Cl jUOykiLÂ-JuüüoJ I 


. ÔVJ3JI cI>3joJI K-JSZ2Ü QszJJlÏÏ û| J3JÜ . CL^ôJI 
CljuOyLÎijLjuUUCX Jl cl>^joJ| qjjjb cL>3jo JJ3J < L ^ôlx>^JI Cjl^j i ~ X \ ÔjJUI *ÜbJI 


■ 3 -uLUI qjbjl 


0I3-IJÛI9 ■ ci^-oJI lS3jljuüjO <ta _5\JLc 0^13^1 
JL>3J s 5vj 0^3 g-uuO jJjO CUs^aJuO COjjb CL>3 jO 


ùijl 3 fl_> 3 û ùij-atû 



CI>3 joJI ÔJlû> v-SNJOouUÜ ! CL^liLôJI 
jjjü ëüjS*L Jl ÔJL&3 ÔJüpuoJI cl>5joJU 
. ^5jpJI o>o)Lb 

ÔJlO*joJI CL>3joJI oL)i> 
ô^l^JI <jjji^> 3 joJU lS^ÜôJI »^ûS 3 iJI * 
ül ^jJLc Jju « l ^ôLx>3ÜI £3^ CjC*J ÔJLOÏJ0JI3 

■ N ^jjULÛJ IjCXgJ 
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jjjULÛJ Lx£_I 9 v._SvJ LaJL^3 C ^ LjuJLiü V 1 ^LC^juü (jüULfiJ Lx£>J OSj Jq_*jüC ^jjUUQJ OIj^jOjuU lxx_£jl L 1 OJ 3 ^ 

. À 0>3joJI 
: 

ét>£joJI J^Jb JjJLfij v^>lûj IgjuS>C O^oLd vS^JuuüUO ^5 sJLc 0^13 ^3j^ OJC*j 

. o^l^JI O^joJU 

J3J9 UJULÀJ3 N ^J jjJ I gjUL^3 C jLiüü j JI ^Cjjuü {jjüÜU ûJül^joJI3 6^13^1 vJjûl>'3joJU 

/l 0^3 joJI 
Ob>-QjoJI 2,2 

6 jS^> £jl> ^. 3 ^ JLiLiLJuü\J ! JLüo 

. <^>IJI ôjLjL>l Ju^c 03-ûJI ^jJI Ijl& i^SjJ2J3 ôjj^îJI iosü 

Â ~ 1 /7t jJuoJI <^jIûj ^1>3jcxJI J3J0 oIS ÔujQjÆ oL>3jo ^3^j> cb-^JI ks 3 Ojc*j 

^3^juuuo ^jJLc A — ldm jjLxxjHuuujJI vjIûj ^L>3joJI J 3 -b oIS cLb_Juu 3 ixxJI Qjj$j&}\ oL>3joJI3 

. ( ... JlSI^jJ I 3 ^b-JI ) ob^LûJI 
oL> 3 joJI i JLuo . <3 j>3jo Lû^jLuuüuI ùl J 3 JÜ ^3*J> IçJ CjA^u \1s c ô^bdl cl> 3 joJI Loi 

. 2.10 14 Hz o^> >41 ^oli cu^l 
Phénomène de dispersion ^juJI 6 >&lb - 3 

: àjj^ü 

j\jJ 0 J Ju^LÜO jLoouUUO c ÜcUuj\^J OJCfcj c Oui) CISlXXjuü cLo ^^J-C lS3jl>J oL>3joJU v_Sv 3 

. cLoul^ cUjljjLûil JajuJaJU JjIs lSS kS^\jj$S 

^jvJLc Ju^l^àS jIj^JI v^Luuy usJLc c üLox> 3 JojuJoj < u i>Lo3J sLoJI ^Jcljuu Cv_sv-^ü 

. cUjjIjJI ciJl 3 juoJI oL>3joJU lSj^Uô OS3j 
jLjuULüI ^LCj^juü V CLCj^juüJI ^jk_AjJJ 2 Ü 3 N J0u3 ^ûl^oJ ^jljuULâJ U X C L>3^1 J 3 J 0 (JüüLa-QJ 


. cloJI 5-bjuJ tjJLc 


N(Hz) 

20,0 

25,0 

30,0 

35,0 

4A,(m) 

4 

3,6 

3,2 

2,8 

A-(m) 





V(m/s) 







. 2> JuuO .b-JUL^I ol J 3 JÜ . JLOoJI 

c c 

! oL>3joJU ô^Juuo -bLuu3\J ëLLiuoI 


ôjl^J ^juuo cl3£-ll cübJI ôjl& v^svS i cl3£-JI ^3 20000Hz>N>20Hz <={jü^xi\ oL>3joJI • 

. oL>3joJI 

. IgJ Juuo <=ÜL^JI ôJl^ v_sv 9 cl3 ^JI j^I S-JUJ3 oli> ^3^1 oL>3joJU cl^jujuJU ! cLb3^JLo 

. ÔjJ£jæJ\ k 3 $S oL>3joJU ^ÜljuüüJ lj Cv_S^JUüJI U^ULfiJ 
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O^^JI . jj£\ g_juu3 oIS <={jü^xi\ oL>3joJU ^Juuo Jo_juj 3 cl3_£_JI ùl güb JlCjJI 03*0 J3^>3 

. ^bJI 03^1 <jjo JJl cLC^juuu j^uuüüu 

. oUju^bJI ^SV^ jj^I j3^> ^JloJI ôj^Uô ^_Asdb • 
kS^S cuSuûISS joJI oL>3joJI <jX kAÏjjzü QjjjÆjJ\ 3I cLAj3JaJ| oL>3joJI 

■ èl>JI OvS ^LCj^juüJI ^jjUUQJü juJjJJj 
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<Vj3JlII ^5yjl2yuoJI übr^oJI 

£ 

Qju ujpci cUojuüüI 



Ol^QjoJI 1 i n SW r J^üJI ■bLuüüJI 

^jJ LscJ UÇ)S$jSuJ3 2 i^jujüJI Jà-JuJ \j qlo JUü\$J 
! cJI <JjO CÜLSpJuO CL>£jO _ 

Diapason olpjo <jjo cuspjuo _ 

? obr^joJI ôjlû^ Jjfc _ 1 

{J-JuU Jü JüL ! ^JjuOouü jJI QuU Ùjls _ 2 


u^t- 


u^L^uOÜ 



M 






Ù>A?JD 



ÙiÂjJ. 


^_5vJLc iajuuO i^jjujüJI ^yOouüljJ CUÜS\JI ^LljuüLajlL^JI jj Ol LoJLc _ 3 

^ûLu 3 j ^*II T j3~^ t 0 , 5 ms c Lo>jJl)I 

■ ùbjjoJI QjO CLlS2juUoJI CLuQaÆL 1 ^lLLLjuU^ 

t | Jj^JI Job ^jlSuuLSuüoJI oL^qjqJI 2 i n sw r j^üJI JoLuüuJI 

■ 100 Hz SSjJu {JjJuJcLkSLOjJçS jjJ I. CjCO c Oj_X 52 jO ÙjSLjuJ JÔjSZju 

cplgju QuSj Jo Jol OjuJ ^3_Jljuüjo <J^j> <jjO ^L^JulaJ\JI Jû_juü3 03^0 

cio Cp jjJülS V_sv 3 v_s0tiJI «wS>bJI ^jvJLc g^>3J LoJlaJ é ôjjOuuJI 

. CL>^joJ| ^L^juO^ 
! L ybLo3JU ^jvjcxjuuu v_snjUj^S jlgj> QjjSsüJ\ ôJlû^ v_sv 5 Jjcxajüuuü 
cuJLüuo cpJuoj ^Juo St sv 3 cLszj^juü ^Lu3-Z) oLox>3 j_L£u jlgj> 

oLax^l Joju2>3 <jjo <jixxj jj tjbLc lS3jl^j 3 « Te ^3Luuüu03 

■ Ve 

jjS I ^jJLc 0LÛJ03JU V e ^2>jjJI .kLOaj3 u ^>Lo3JI clLljuu^ .kLcâJI 

cJbJI Qj\jb v_sn 3 . J-caJU lSjJ^Ud vJiSÿj cÜoj>\Lo <jjo cUxj 3 

. J-caJI <téjs> 3^ 0L0I03JI 
Ve" £ 3 Ve+£ ! Ve c LxxjyoJU cL^jujuJU \LJLs I cIxxa 3 jjSù 

UjoSlaxxJI ^jOfcJuoJI J~o*JU CL kAzj cp^Lb q 5 jj> ir>\b V e +8 

. cl>^joJ| jLjJjüuI ^jotJuoJ 

jLjujlü 1 ^joOuo <jjulôJ v-SvS J-OîJU cuJaj cpj^Lb ci 5 jJ> V e - 8 

. cl>3joJI 

jLoJüüujI 

? i^blc^l v-Sv 3 J-paJI Ji^Ju 3-& «^suS _ 1 
cLou 3 jj£\ ^jvJLc cüLoj 03 ipu2>3 u 2>Lo3JU J-s^JI ôcLol JulC _ 2 
<jjo M clLüJ J 5 <téjS> ûî ^juu . LSjj^lb <^ûS3j bx>\)û CjuJ> 

■ ôjJL£joJI ÙjJQ-juJ l I ! ^^jjJ 3^ juJIj O i Cpuu Ç> ^juOulQjljuüjO J^JI 

. i_s\JLijLsJI /JLjüJL t cÜo.'^J J-P<JI Jj^t! ‘ijjLïr J^LjuüJI — 3 

( cuj^> cJb) y=f(x) »_SyjJ> ,J5 L»jJ (_sJLc ÜgSu CLlÇ^j 

<V^3Jü tjvJL^ùjoJI IjuS) jjjOJj , t cüô^j v_sv 3 J-pJI JjLoj V-S0JI3 

Àu 1 {J Jjo>i 3 Ô^r^joJI J5J0 ^sjouuüü OjJISuo 

M1M3 3 M2M3 3 M1M2 p^P^LjuüloJI jjjul 9 _ 1 
. M3 t M2 t Mi -büjJU cpjljjLd>\JI o\JbJI Ojls _ 2 
. X cJ\Jaj M1M3 3 M2M3 3 M1M2 olsLujuoJI _ 3 
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GL»£flJI i=L> 
O L>_jdJ I j$eS J 






3 < n SU/j^ttJI JgLuUüJI 
CQwIjJI <tyyûJI PjJIqjüoJI — I 

cloJI Q^XjuJ tjJLc CLJI^IjoJI CL>^jcxJ| : CbuU y^ü CLjuüI — 1 
t CjuÜ ClSuCXjuü cLo tjJLc oL>3jCxJU u ^D^> V_sv 3 

3I CUxjI^ CUjljjLû^l t v_SNjlj J$S jl>£J Ju^ÜjO jLjCXjuüjO cÜO-juüI $j 

3-juoSu ^i>3jcxJI U^>L0J3 . 100 Hz Iû^v>j qj^^lo 

. Ig^^buOU v-SOÜI 

? ^ybLo^JI St sv 3 .kL>\]j li>lo _ 1 
Cjuptj ^103 ^Üa-jujI3J sloJI £Lh_juu LoJulC li>lo 

V V — 8 3 V+8 i^5vJLc c üLiûj03 JqjuJqj 

PjüOüLftjyuüüoJ I OjJIqjüoJI O^raoJI — w 

t Ouli ClSuCXjuü cLo tjJLc kS$jJ>J oL>3jCxJU u ^D^> V_sv 3 

CUJIjJLo^l <téjS> jl>£J Cli^üjo CUÜ 9 I cLb-Juul^ 

jjJaüJlj ^^>3^11 ^jûl3^> 3 ^uo 5 u é ^1>3 jcxJI <jjuÜaj\J lplûJ3 . cLoul^ 

. Ig^L^buoI <JjO 

? L ^blx>3JI St 5 ^ Jû>Mj li>lo 

sloJI £lIo_juü LoJulC li>lo 

cüLojo 3 -tiJuJoj CjuJ>u ^103 cLb-Juul^ 

S" V—8 3 V+8 

ouSLb ; 4 i 1 sw t jjttJI JgLuuuJI 

: àjj^ü 

t oL>3jCxJI [ yb^> ^SV^ LljuüIj 

j^^vJLc Q+)lZ^aJLZ> ÔJ0I3 Ôo LûjLjuU : <ta _5\JLc3 

) Ô^LoU {JuJÿuujSjd i ^J. A lojL aaJLX) L JijJü 

Ô^I^JI oL>3joJU CL^)|jO (güLQ-Juüj 3I <jJoS 
3^ cl^iLqJI ijbjS. IcxpJuj àszüJu ]£xsüs*j CjuC^j ■ 

jUOutjiji_JUÜUO <^>3 jo < jlj^> cÜûjuuI^j < cloJJ q]clmj (_5vJLc CjJcsù 

PhotDgmpim' 2 



7 iàs^b lilo. l»A : i^J^H cübJI 
? Jô>\b lil» . £~A: cuiLJI cübdl 
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. gOJL^juuü li>lo . ôJuJàuoJI cL>^joJI ô^jl^JI cL> 3 joJI J^-b ,juu Ojls 

jjuuJI 6jJ)lb i 4 JoLuJuJI 

jlj^J Ju^LiuO jLoouUUO CLLljuüI^J i Oui) ClSuCXjuü cLo ^^J-C oL>3joJU \jO^> \^S 

. ctoub cujljjLd>l iajuûoJU JjIs lSS kS^\jj^S 
^^vJLc l^Luüj ^^J-C c üLox> 3 JojuJoi t u 2>Lo3j cLoJI ^Jo-aju 

. cujJIjJI <=l*JI^jôoJI oL>3joJU LSjj^lb 

C L>'3 J oJI jLjuUÜuI ^LCj^JUÜ V CLCj^JUüJI ^Jk_4JÜJ>Ü3 N j&jS cUjujuJIj X cl>^joJ| J3_b jjjuuJü 

. cLoJI ^lIû-ajU ^jvJLc 


N(Hz) 

20,0 

25,0 

30,0 

35,0 

4A,(m) 

4 

3,6 

3,2 

2,8 

X(m) 





V(m/s) 







? gÜÜULJUÜJ I^Lo 

4 ^a5u;J ISuüoJ 

2 ijjjLojJI ^LuuüLuj 

1 vjJjJDJ 

. V=340m/s ^ 3^11 v_sv5 03^11 jLuuüüI clc^juj v-sv-bs^ 

. v 2 = 20kHz s Vj = 20Hz ; <j^juou 3 <j^j CI 30 JI clü 3 ^> cl> 3 jo >a^u _ 1 


. cl3£-ll v_sv9 A cl*j 3 ^JI ci> 3 joJI J3b> Jb*jo iJo 
Ijlû^ cL> 3 /> J 3 _b lo . 440Hz oli> L 03 CLAJLAJUU 3 J 0 JI ëLb 3 jJI «^jljuuLu b 3 ^) ûbjjo jJl^u _ 2 

. 03 ^J 1 

v_sn 3 d = 80cm jjlC v_sv 9 clü 3 ^JI cl> 3 joJU t ^ 3 ^JI ôjj^lb giü Jjà _ 3 

?o^JLJI o^JL^J! 
v 1 = 3JO 3 Hz ü_>j oli CL>^jO _ 

v 2 = 100 Hz o b 4 jJ 3 ^) 4j>3x> _ 


2 ûjjjoJ 

CLCJ-AJU3 V = 200 HZ t Quuu^ CUJI3 Jjo cL> 3 jo < cloJI <jjo S cLbiü v^svS jljjà C>Jc*j 

. V=12m/s ^Liuul 

! ciàLuuuo ^jJLc v_svJI30JI ^jvJLc t juü^3^>3jo é cboJI 5-b-*Jü <jjo M 2 3 M1 jjjJi-biü jjûisj 

d 2 =SM 2 =18cm 3 di=SMi=9cm 
. dJbl3> JJLc ? cLJojJi^juuuo />l ^uJ3b cloJI 5-b_Juü ^jJLc cl> 3 joJI Jj3> _ 1 

. À ci> 3 joJI J 3b «^jljuuoI _ 2 
. S g-HuoJI cbjj> gjo M 2 3 Mi ÙjlS _ 3 
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lcm 


21 


le 


\ 


Lo é L^j^SLjuü cjl^j 3mm cisLuuuo ^jJLc Mi cüaüJI t L^j^b cüô^J v-svS _ 4 

LpJ^SLuu gp 3 joJ cUjujuJU M 2 cdoüJI 

3 uJjjyj 

■ j^-b juuJüuJ V t c \jJl^juO c L>'_ 9 j O ‘ ôjjL^jO ÔjJLjuüJ S uSjJoJI OJl^j 

S=0,04s Jc^iÂà L q3£Lo Jpdl JôJ ^IjcxaS <^ 5 \ 1 c cüLox^ ^ 3 ^ bLùo 3 «^ 103 ^ JpJI Cl^ùo) 

^J-pJI j p bn t qJLû-juül JS^ûJI JjuOU 
. t CÜÔ^J JulC 

CI> 3 joJI U_jljuUL>I _ 1 
CI> 3 joJI jLjuüul CLCj^juü U_jljuJoI _ 2 

culju clIô^J 2 UJ 3 JI J^>l jjü&j — 3 
JjuO . ^jvJLcYll 3 ^j S JÙJuoJI jljjL&l 

! ^J- A, A lô > 1 J I JÛC I Jïi-KjJ 

ti=40ms_ 
t 2 =60ms_ 
oLox> 3 JI büuJoi _ 4 

pS J-pJI >£-bj uL»5 . V 25 = 24 HZ cUxjJÜI ^Le 2 JU 3 _X^J 3 = 26Hz ^pcxp-ll 

. sîb\p> JJLc ? CÜL> J5 

4 iJjjjoj 

^3^1 cloJI Q^Xjuj ^jJLc é ëlppiijujuo ^U-epr ^jJl 3 juo ^L> 3 jo é S <Xj>uJlæu JojJjjo jlj^ <ÙJc*j 
J LSjj^lb ^^JLc J 3 ^l^JI <jjo « ctouj j-fcSI ^jvlc ^plc^l ^V>J buJaj . oL> 3 joJI 
JoiJl 3 cl> 3 joJU J 3 \JI JoiJI <j^j ciJLwoLôJI d cL9LuuuoJI U julaJÜ 3 V 5 = 50HZ < éIoJI 

. d=l, 6 cm J czû3 cOjljJL&\JI cdbJI 5 JJULQJ V_sv9 ùljü> 3 J ùl jJUI é cl> 3 joJU ujuuobJI 
. jLujüu\JI clc^juü Vi 3 cl> 3 joJI J 3 b X 3 ci> 3 joJI V />u3 <^jljuul>Î _ 1 

Ce c 

CLcxpJI ùl loJLc < J^Ô-juü\JI 3 ^j pS X=0 JulC ÔJp^^ûoJI ljuü to = OS JulC _ 2 

. 0 , 2 cm 3 ^ LpjSjs> S-JUJ 3 J t_S 3 ^üUI 
. t=0,04s JulC cloJI ghjuj >^-bjo < cloJI £lLljuu <^ 5 \lc lS^xxC kS$jLjuüuo ^s3 Jjuo 1 _ 2 
( uSjjuolJLoJI u 3 j 3 JI usJLc ) lcm <-> 0,2cm ; /xJLujJI JLxxs 2 jljuuIj 

: oUô^JUI JulC cloJI O^XjuJ j^OlO JjuO 2 _ 2 

ti=0,08s _ 
t 2 =0,05s _ 

^jC. uL^Jl 3 JijJu iJo . buJaJU Jjls £ LpJo^c Qs*ü3 li> « I>>1> cLûjLuüJI cl> 3 jcJI />lol gpü _ 3 

: ^jpJbJI v-SvS As^j cl> 3 jcJU ( X r V ,V), 

i t = 0,3cm 1 _ 3 

^ = iC/77 2 _ 3 
V ^jcxaS ^jvJLc ^ 103 ]! buu 2 ü _ 4 

T ^ÛÜULJUÜJ li>Lo . V 3 V J^jS Ùjls 

5 vjj>oJ 

! l_SvJLJI U-jl^jjJI JCÙJ CI 33 JI jLjuULajI CLCj^juü ^jjüLjÜ 


. V —0,15m/s jLjuulü\JI ^lcjjuu ^üu^üs ^ V^ 
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B 3 A <j-JL>juoJU M 2 3 Mi ùjjçfisjZuJz ôLLiüiL 03^1 jjSjz <jjo Cjl^xJuoJI 03^1 

^jUox) j3^uo tjJLc < j^393j^LucxJLI v_sJl3jJI i^sJLc X2 3 Xi <j-J3*£iS\JI . <^jju_XjJI /xjuuIjJ 

. ci>jJuoJI ÔjJo^uuloJU 
1 

. Xi=X 2 =0 J^s\)\ 

. 0 ,lms/div : *+s&\)\ A^Luuc*JI oî LoJ^ 03 -âJI ^ <^^>î 

. cl>jJucJI ôjJû_ajuuoJI J3_b M2 viljj^ü3 < Xi =0 J3-^iS\JI JulC Mi Û 393 j. 5 LajcJIj Iîiûa^ü _ 2 
^3Sl3j ^jvJLc ùLujujüJI ùLxxjuüjJI >p-bu LoJulC é M2 Ù3S3jiL*joJLI X2 J^uoS^JI /yjS 

. CLjuüLuuJI ^JvJLc J3I0Ü 1^3 


N° 

1 

2 

3 

4 

5 

x 2 (cm) 

17,0 

34,0 

51,0 

68,0 

85,0 


S" oLuüLiÜI ôJl£> ^jjo Lp^LjLi-juül O^ou »^_svjJI c L>' 3 j ^I J3J0 ^Loul 9 v_svjî> Lo 1 _2 


. ï\$jçj\ 03^JJ Cllo JUÜ3JU0JI CLCj^uüJI CUXjl9 ^üuuLajüI 2 _ 2 

6 yJjAi 

v_sv 9 j^-buo cLûbr J-ijoJ 

. ti=45ms Lp-^jjb 

. F clLlqjJI /XjuU lixcî 1_1 
A qj>£joJ| J3^> LjLujo <JulC 2 _ 1 
c L> 3 j ^I jLjuUüuI CLCj^uü ^jljuUL^I 3_ 1 

. Lû^j 3^ güjuLjuül3 JjjaJI J3-b 

J-ôl JulC S <^ 5 O*Ju 0 iJi> 4 _ 1 
■ t =0 ôjj\$ï)\ 

. dJbl3^> \Uax> Q 3 S /xj P 3 S QjjJaiijJI <téjS> Oj\s _ 2 
■ A 3 S Ç^uJaüJI v_svjj Uqjl juüI oIjulSJ CIjCxJûJ ^jjULÛJ jJjuo 3 

7 

ÔJlû^ 'juuüüuü . 4 jÛOjJ* 1 juüjO ôjLuül ÙjjO S <_ 9 jJûJlj < t =0 IgJfcJjb cJâ^J v_Sv 5 _ I 
OJOjJI ^J\JAj S S-jJuCxJU Ys cji lo'Â a.jü\JI jjSZJ ( 1 ) JSLj^JI ^JjuOsJ ■ C—m/S 4 _Cj*juUU J3J0 ÔjLjuü\)I 
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. ôjLjuVI ôjufc ôJuo - 1 

. ÔjLuü\JI ÔJL& J3J O ^-jljuUoI _ 2 

clLlqjJ y M cüLJo^juü\JI t LuL^uo jJjuo_ 3 

. d= 32 cm qsLuuuou S «JjUI J-o*JI ch° M 

JSLjÜûJI ^JjOJÜ-juüjoJI /xJLuJI {JjülQJ ) 
oL>5jO jJuÆü jl>£j J-pïJU S «wSjJoJI Ju^>3J — II 

(J9J0 oL>_9joJI ÔJl£) j^juüJÜU ■ N Lû^.bjj c LajulZ> CLaJI^juO 

C= 4 m/s clc^juuu ^jjüISlsüI O3JU3 :>Ioj >1 c^ju J-pJI 
\L^>I <téjS> \j^jS oîju s^oJI cLbi^JUI JcâLÜ 

■ t=0 

. ti LpJtjjb v-svJI cdô^JLII julc >^Jôx) (2) JijjJI Jjuoj 

i À cl>3joJI J3-b ,jul£ _ 1 

■ N ^IjOul 9 (XjuÜ^-kjJ I3 

. tl £UjUI iJO _ 2 

3 P ijjjJaiijJI ùjU _ 3 

3 SP=8cm ô^j> J^JI ojo Q 
. JJLc . SQ= 20 cm 
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2 cdjuüJLuuJI (JjjLoj 
Qjuul< U I ÔjJI^JüdJI QjSjJ ISuuoJI <=L>5 joJI 

1 \jjjjyj 

; i^9 cLü^jzJI cü> 5 joJI J^-b jjj^j Jbïuo _ 1 


V! < V < v 2 


±<±<±^YL<v<v 

v 2 v V, v 2 V V, 
A 1 < A < A l => 0,017m < < 17m 

! I _03 v^jljuu Lu j_L£U lSâJI ûUjjoJI cL> 3 jo J 3 J 0 _ 2 

y 340 

A = — ^> A = —— = 0 ,773m 
v 440 

: ^pJI ôjj^lb _ 3 

d=80cm ^^3 Vj = 3.10 3 //z : cübJI 

c 340 

clü 3 jzJI cl> 3 joJI lsI <$c ol ^ —0,113m 

d=80cm cl^-ôJI v î =100 Hz ■ ^tubJI cJbJI 

340 

. Quj&jZ. Jl ci^ajoJI 2 >OjO CjIszj l_sI A, d ûl /L =-= 3,40m <^Luuo 

" n " - 100 

2 ijjjjoJ 

( ^jüjjJI jiilil ) <Ùo^ûuuuo cloJI gub-juü ^sOLc cL>3joJI _ 1 

: qj>£joJ| J^b vbuuo — 2 

/l = — => A = -1^- = 0,06m = 6 cm 
v 200 

; S gxJuoJI gx> M 2 3 Mi cüjIojo _ 3 

SM^_9 3 „„ 32 

_ 6 


SMj 


SMj — 9cm 


/l 6 2 1 2 

. j^JqJI i_s^9 1 j-u51sjj ^jJLc ol_>ipj S 3 Mi ùl ssl 


SM 2 

À 


18 

~6 


SM „ 


: 32 v_A_ujctJ SM 2 = 18cm 


sSjJl3 s _)ÀzjI l _sJLc cJoyio <^jüax>3 _j3^> 


. _j3JoJI i_s ^9 ,_svJLc Ol_jipj S 3 M2 ùl lSÎ 

| t_gj j£joj £jJa j-ol A U>i l\Ü M 2 ^ j-û _ Zj. 

4-kaü! 6 y M1 (t)=- 3 mm ^ M! 3 JUaU jj£i t gJ L 5 k, jl j% M 2 j Mi j ^ 

I^SLjuu g-^3x> 3mm cisLuuuo ^jOLc jc>3j M 2 <=Uo_qjJI ol lsI yM2(t) =_ yMi(t) ■ M M2 <SikL«l ûj^ 

3 (jj jjoJ 

: CL>3joJI vbuUO _ 1 

u zblo3JU < 3 jsLo| JûC LûS3^jo >^-bj J-c*JI ùl Lou 
ül 9 v_sJLJIj 3 . T=T S ül lSÎ S gjuuoJI j3^ lS3Luüj 

v = — => v = 25 Hz 
T 

1 S 

! c LZ> , 3joJI jLajUÜuI ^LCj-juJ V t -»LjuUC> _ 2 

/i = — => V = A.v ol joAszj 

V 

: >^-bjo qjo l 9 \Lbül cu>3joJI J3-b 

A = 4 x 1 cm = 4 cm = 0,04m 
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! CL^-C^joJI jLjuüJÜ I ^LCj-juJ 0 I 9 v»sJLJ^3 

y = A.v=> y = 0,04x25 = 1 m/s 
. ^_ 5 vJLc:\JI S SjuuoJI jljjL&l cuIju cüôj^J J-^l jjüsi j — 3 

: v_sv^ ôJuoJI ôJuî> J\b> cl> 3 *JI lgJLsda9 v_ 5 ^JI ^LuuuoJI £ ti = 0,04s cÜô^JUI ÂjlC J-pdl >£-bjo 

d x — VX x =^> d x = 0,04m = 4cm 

^-=i=>4 =1 
a 1 

cL>^joJI cloJlûjO 0 L 9 ^jdc^l S £OJuoJ I culju cib^d ül loj 

^JUU 3 t Ç \JLc\JI jJL^jLjuJ 3 v_S^-*J 03 ^J>Lu S JJJÜLQJ Ju32j 

. cdâ^JUI ôJlûü v_SvS J-pJI >£-bjo O^Suljuü 

: t 2 =0,06s <=Uôj^JJI jülc J^JI jjJôuo 
d 2 = V.t 2 d 2 = 0,06m = 4cm 

A 2 2 

: t 2 cil^JUI v_sv 3 J-pdl >g-bjo < jjuLâju 

: J^JU cuj^üôJI q5pdl _ 4 
cuJoj cuj^üôJI ciSpdl ois v ls = 26 Hz > v s 

jLuJLü\J ^juülSIs2jO ^JNJ^juO v_S^3 v_S ^ 3 

■ J^pJI J^-b cu>3joJI 

jLJjüuI ^svj^juo ^hjlqJ v_sv9 cL> 3 joJI CjuS*j J_c*JU <Uxku cir^lb b^\b ! V 2S — 24Hz < V s 

.cL> 3 joJI 

■ ç\$Jfr}\ L$V3 u <^ jI JLaJuLÜI ^LCjjuJ jjjIaS 5 i^JjJOJ 

Juzi^uoJI JIjuJI LujJ 0,lms/div ! <^_s^ cllüs^JI cb-jujLuui^JI ol jLûlcIj _ 1 

! l^jujuJI ^/O^JUülj ^OÛùLjuJ <- _ 5 \JLc 

r = 5x0,1.10" 3 5 = 5.10" 4 5 

v = - = 2 kHz 
T 

; oLuuLfiJI J 3 _o> ( jjo cl>LliiJLjujI l jiouoJI 4 j> 3 æJI J 3 J 0 _ 2 

: LüjJ oL-üLiül 

d 2 — x 2 —x 1 — 17.0cm 
d 3 -x 3 -x j = 34cm 

c? 5 = x 5 - Xj = 85,0cm 

ol iSl j^JaJI i_sv9 v_sJLc k-ijüjùJI />^yjj\j cLCüLvi) v_sJLc ùLxjjjjJI _>pJ eu 4Jl> v_s\S 

£/,. = MjAf. = JU 1 < ik < 5 
d 2 = M X M 2 = A = 17,0cm 
J 3 = M X M 3 = 2/1 = 34,0cm 
/l = 17cm 0 I 9 v_sJUIj 3 

ç. 1 * t ^ 4 !»■< l n ^ \ /\\ i 4 a __ ^ 

/ = Av=>V = 0,17x2.10 3 = 340m /5 
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c = 


5F 

h 


6 vjj^oJ 

F cdaüJI ^OouU I 1 _ 

. CL>£joJI PjoJlÜjO F cdoÜjJI ^JVJXjuJÜ 

! cL>^oJI J^-b 2 _ 1 

A = 40cm üLuuoJI 


! T J 3 J 1 JI 3 CL> 3 joJI jLajUÜÜ ! às^juuJ 3 _ 1 

90 10 -2 

3 — 20m/ S ûl ^sî SF PÎjLuuuoJI ct>^joJI C*sda 9 j ti cdôj*JUI JAC 

45.10 


: qJUI <=L 9 \JLsüU J-pJI OjljJL&l { jS 2 jjSzj 

T = — ^T = 20 ms 
C 

■ &ül.9jJI J-^l JAC S àS>y> 4 _ 1 

^jULQj JuSÜ J^JI _b_oJ gjjo^> ûl L0J3 . <_sJLc\JI 3^ cL>3joJI cLoAiLo F ül >£_bjo 

. ^jOLc\JI 3>ü Ü3SL? t=0 JAC S ^JOïuuO ûl gOJAjuUÜ i gxJuoJI 

: P 3 S k_?jSjs> cUjLûjo _ 2 

cd (2 & + l)/l £ £ c 3/1 ,, l<r . ,, 

5 F =--- : L^jl ssl SP = — : U?-vJ ^U*JI J^JI 

. j3-bJI v_S ^9 <jju 51 s 2 j uSvJLc ûl^AfJ P 3 S üi>| 
Q 3 S y^sj£jS> OJj\slO 

^jOLc oljjL^j Q 3 S 0L9 v_sJIjIj3 SQ — kÂ ^jOLc v_sl — ^1 J\l> o-° 

. j3-bJI v_s^ v 3 ^l^ 
! t2 cÜôj^JLII JulC J_c*JI >fJâjo JuuuoJ _ 3 
cisLujuoJI cL>3joJI cloJlûjoJI gJaiü t2 3 Jôj*JUI jac 
5F = Ci 2 = 1,2m = 120cm 


SF = 3 Â 


3 3^ F 3 S <jju cl>3joJI Jl3_bl ^IacI 0353 VAJUU3 



v_syLx^ ! ^svj^JuoJI JiAÛ 

a=2cm LûLh° : Jl g-*jJ3 


T= 20 ms : c£>*JI ^ 
t =0 ! S <téy> I Ju £ujIj 
. ^jdc^l 3^ü : cüIju cibj*J S JLaül 
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ijdkJLfiJ JllSJ l_£j Is A AIoQjlIJ CLa-juULâJLi 

ôJuoJI j3jj0 AS2J S 

6* = = 1 Oms 

C 

_>>Lü S àSjZ> (jjULàj JliÆj A ùl tSl 
: S J AhuoJIj 10ms v-SO-Oj 


. j3_LJI v_$v9 jjjo^Uzj ^sJ-C ûljjLgj S 3 A 

7 ijjjjoJ 

ôjL*jj\JI ÔJuO f^juSD _ I 

T = 0 , 01 x 4 = 4.10 S ! ôjLuj\JI I^SjSZjljujJ v.S'jJI c LyuOjJI ÔJuoJI i ( 1 ) JijujJI ^j^juUL> 

! ôjL*jj\)l J3J0 vL juü - > — 2 

£ = l,6.1(T 1 m ol ssî ^ = C.T : L»jJ 

i QjojJI y M oLoo Juuuoj_3 

ùî&o y M (t) = y s (t-0 ) ollujJ 

Jjuoj $ — — — 8.10 s 

c 

<_S\jOOjoJI QS>\j\j LuLjuO Cl3\lsdl Ô_)LÛ> 

. 0 v_SVjuûjJI ^>LJIj y$ 



! N glxJuOjJ^ À, \J-juSZJ 1 _ II 

A = 4x2cm = 8 . 10 ” 2 m LojJ JijiJI ^mj> 
C C 

N= 50 Hz 0I9 <_sJUl<3 A — — N — Aà\lsdl v_ijuüL>3 

N A 

■ ti ëMjLJi juj^o — 2 

l fcj3 Jju v_ 5 \jJI ctiôj^JUI ût jlaclj 3 ti £ujUI ol3 CÜÔ^JUI V_sv 3 J-C*JI >£-lâjo sSjJI ( 2 ) JijjJI 

qâLuuuoJI gloS ôjLjj\JI glicbo ùl ko\)û I 3 JÜJ \L^I 

. . 1 _ 5 1 5 _ 1A _ 2 

2 1 1 2 C 2N 

Q 3 P cUjLüjo _ 3 

: k cl>3joJI J3-b3 Lo^juu cdL^LôJI côLuuuoJI Ojloj Q 3 P v_s^>> cüjUjoJ 

A = 8cm 3 SQ-SP=12cm IojJ 
0 3/L 

3 P ol gxjuuOuuü v._svJLjJU 3 k= 1 go 5<2 — SP — (2k +1)— Jijuj ^jvJLc SQ — 5.P = — ol Ojuptj 

. j3-tJI v_S^9 vjOLc oljji-pj Q 
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<V <M^ jLuüüJl 

Propagation d'une onde lumineux 

OjhâlbJ . I 

<V>5Ü — 1 

. l5jjuCXjJLjCxJ I k5j$}\ WjuJ$ v-SvS &ÛJ I jl_£J> ^jlS^xJuoJI CLu^JoJI CU>jJaJI _ 

ôjlû> <> _ 5 vJLc jl^LjuuûS < Oj^jLiJI vjjo D=l,77m ^isLjuüjo i^^vJLc 3 t q-àjJ Lpj ^lJqj_ 




w j£JUl 



1 



V JijJuJI tjJLc JuuO^i^ 3/2 L^JLjJj l5jJ>U cb^â^JI <^> 3 ^ _ 

^jjuu_ûj . 3 I ^LqJLooo LsL£> jJLxx&jLjuul^ D — 1 , 77ITI ^L9 IjuuuoJ I ^jjulôJu ]clôJj>u _ 

■ ^LajüLjuljJI ^JN-JLc ô Jl&IjuJüqJ I Qj jSjJ&J I gjuJU L u^DjSz} I c L^_aJLuO ^L^juUüJIj 


a(nm) 

380 

250 

110 

90 

50 

L(mm) 

5,5 

8,5 

2,0 

2,5 

3,0 


1 

cLoJI 

LoJülC vÎjJc^j cuS^I^LajoJI oL>3joJI > ôj^Ub 
. cuS^ISLajcJI cl>^joJ| t j J o 

ôb*jl jjSüj. I-)c> _>*â^>3 lSS jj>t> <^ 3^3 _Us9 c 3 ^aJU U julàJIj Cv-Sv^jJI ujulôj 

. CLu3*kJI CLS2 _jJu\JI jLkJuüul 

? cüjj^jJI ôJl& J\Jj> IjujoJI Ijl& ^ii^îiju . ïÿjëiJJ ^svjcxjjii^uüjcJ IjujcJU _ 2 

■ ^uUOoljijLJUÜJO b^L> ^393 ^LuuüL^liu03 c 191 q_jJj .bLu^l ^3^1 
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jLuulüI IJuuo û\s v_sJUIj 3 ôjLujlüI ôb*jl jjSüj. LSi> jj>bJI c^qJI J 3^3 JulC 

c c c C 

ûl J 3 JÜ . clj 3 Jl> 3 j <j^lol ûl IpJcSuou cl*j 3 JoJI <=Lsz_jiJLp\JI ôJlû^ cJ . 

^3,pJI ôj^LbJ gJa> c3^oJI 


CI3J0 AJlC 

v_s^jcxd>3 v_s 03 -^> gjJucx^ ^3_julJI Llû) «wSjuZüj3 j^jjoJI <jX b_Xsiül Lxx 15 IgJcLol ôJuuu JJÜ3 t 

? C3*aJI CLSZjuJo lou 3 <^\J 3 li-Juül liLo _ 3 

c " c 

Lo\J c3^xJI J3^3 jj^uulûj <jjo <jixxj ^ £3*aJU ^svjcxjiijLJuJuoJI jLuulu\JI Ijujo 
. cl>3jo c3JûJI jjüsl) oL>3jcxJI gjo cdjlouoJU3 

: ax>ll> 

ü\d etoJI ^ÜQjuü vjOLc ^UAuüUjuUUO ^Uiujl^uüO ^5^ c Luuüü J U ùLaajJI ji) Lo^ 

3I iSVjujIj 3I vJÜ : Oj+SLsÆ Obtüd 0 JojujI3J é ^3jC^ ( pgj é Ob^JoJI 

Cjuüj sSjJI cl^jüJI c ajuo^>3 jjLüd lâjlücl i>Süoj ü\JI 3 voilage übsjuü 

: cuiUI cu^>âJI 

. c3duoJU j^JbuoJI Ijl£> ^sjouuuu3 . OjJI3Jüo oL>3jo ^jx ûjLx c^-xJI ùj 

j^juJLC §J LuJ I OjjjJ I ^-Q^buuO v_sv9 ctubj^JI ôjlq^ ^jJj Huygnes ^juûSu^ /xJUdl Ju^j AÜJ3 
gj3J /xJLsdl <*_ 9 jJo <JjO lS^\LuoJI j^uülC g_JuuUI ÛjjUI ^Ulju k_s 3 LpjLuI /5J3 LS^\LjoJI 

Young 

. jjMJI ûjo ^Û&juuo <Uj3*0 O^joJ O^joJI J3J0 JüJL%i — 4 

. 0 ctcxJüôjo Qsüu J313 cuj^jjcxJI ciaüJI Jû_*jü3 <jjj LS3 IjJI iJjjjiJU JjOjj _ 
. ùlpjJU 0 <jX >fcS2j vÎjuC> t t 0 PI 0=0 <=L 9 \JLszJI Qj\jS jj^uou t «Jj>QJ ° 1 ^jujuJIj 1 _ 4 



d = — \ cisUsdl OuJl 

2 Z) 

W_-»jLpJI Jû_juü 3 <JuU ûLOjJU 0 ^ 3 I>JI ijjjJiJI >!^ 

/xJLbbo J 313 lSjSjjoJI 




0L9 Ijc> àj+àÆ 0 ol jLi-cU 

tane » 0 = — 

2D 


— cJ\Jju 0 oIjjlSjJ JjuOuoJI ^JVjl^juoJI JjuO 2 _ 4 

a 


a(nm) 

380 

250 

110 

90 

50 

L(m) 

5,5.10' 3 

8,5.10' 3 

2,0.10' 2 

2,5.10' 2 

3,0.10" 2 

l/a(m-‘) 

2,6.10 3 

4,0.10 3 

9,1.10 3 

1,1.10 4 

2,0.10 4 

0(rad) 

1,55.10' 3 

2,40.10' 3 

0,56.10" 2 

0,71.10' 2 

0,85.10' 2 


\ v-SvJUI /xJLuüJI jL&l v_sO L00JI J^ioJI 
lcm <-> 0 , 5 . 10 4 m _1 : jlüü l/a J cUj^juJU 


lcm <->1.10 3 rad : J ^ 0 J k^L 
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3 -ê> Lo . (l/a) 3 0 OjuJoLjJI ôsUaJI ^llîuljuüI 3_4 

Ju^L^joJI ^JvSïlLoJJ CL> 3 joJI JjoU^joJU v-SNJJ^JjuoJI 

? cuJLc 

û+jû u <=L9\LsüI ô-i-gJ l 5 jls 2 -«JI JuJ^lJII J\Jj> <jjo 3 0 — k.— 

a 

C c 

<=ÜLszjcxJI v-SvS L^jJc >3 ù\J cl> 3 joJI J 3 _b JjuoJ k cUüLJI ûl 

À 

6 — — ! ( 1 / 0 ) 3 0 < juu OS\Lsdl3 ^_sJUIj 3 . ^JuoJI <_s\j3} 

a 

<=ls 2 ü-«JU L u àjsz}\ ^ JLc a j^jJjJI jjj b Lo _ 5 

? OjjSjjoJI 

c^^xJI ob^^joJI - II 

QjuOduflJI oL^qjqJI jLuuüJI = 1 

IjjjüUO^jujJ 1 JjO vJLlSajuoJI >_SV*?* a loJ 1 C 3 ^ûJI 
. CUSuûISuuoJI oL> 3 joJU ls\L> ÔjLuUÜu\J 1 -S.bLo gLu^J 

■ £ I jSÔ I v5\3 I O I jojjJJj 

ol>3X) Ld^jLjLcIj clu3jùûJI o \j\jï£>yj c l^jujlJIj c üuu^j3 Fresnel jS j-jJjj 1821 ojljuu i^svS 

JL^uO <jX ÔjLuC v_SN-û^ ÔjLuü\JI ÔJuî> ol CjuC^J - L&jLuJÜül ôbfcjl gjO ÔJuoUiiuO L^jl lSI ÔJOj^IjuüjO 

. O^juü-Jojls^ jjçSJ I oL> 3 joJIj Lpjjxjuuü IjJ ^.s^juüj-blxâx) Jbuxxj Û 3 jÜjo v_sOLj^S 

■ OjUUÜU J ojàajqS oLp'^jo Pju 3 ^x 11 oI^-^joJI 

. C » 3.10 8 m/s cuijjuuu £l>JI v 5 vd >**juü 
c=299 792 458m/s l^juood OjuoJL e ^jjü £|jâJI üv 3 s^nidl jLuuujI ^c^juü 
ssI^^JI üv3 ■ £l>âJI ON-C <UC i ^juj ÿjo jSL*t ç£*ûJ\ Ô&jmj vil fi jüJ v5^lo Jojuü 3 lS\3 

■ £|>âJI vjvd ^UCjjuü u^Üü 

. £IajüJ Jl 03lb ^njouuüü 03Lb Ob^joJI Jjoaj — 

:>:>vJh oJ^bJI O^qjoJI Job i jju OSUgJj — 2 

_ 1 

L^Jlc T = — ^ 3 _jJU 3 I (Hz) ojlc < v Lû^^^jju Ù 3 JUI oj:>L>I ôju c 3 *z> ô> 3 jo j+oüj 
V 



u 


jlÂà . q 


. s ôjûLJIj 

. OSLô-jJjJI bLuJ3\JI Sjjoj> St s \3 Lp-juJLûJ v-S^ 0J3J0 0>3x> • 

Ojj 3 jJI ^>C jjJZj T 3 OjjlSuoJI Ojj 3 _JI Jjuoj £,I>ôJI v_sv3 X 0 > 3 joJI J 3 _b • 

: OjJUI 09 \LsdU OÜojÜjjo ûljAjLoJI 

À = c.T 


. (s) ôjûLJI ^ v 3 (m/s) c 3 (m) jajoJU X 
! £,l>ôJI v_sv3 CUJ3-ZJI oL>3joJU 0>3joJI J3-b3 ohv>jJI JL^jo v-sJLJI J3Jl^JI 



wLsfjÆJl J^Jo qJ^lj O Le I g iï 1 U I ^ j JU a d J Lad 
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IF 


3 . 1 ÛT 


Frequente ? 10 Hz 


La dispersion de la lumière ^juj - III 

fl jLyO^jJI tiolAQQ jLuUÜJ^II ^ jmJ 1 ■ 3 

êM (^9 Ç^jJcJU C jLjuUÜ ü \J 1 CLCj^juü j^jjU ^L^juüüJI £) ÔA k _9 Lq_juÛ Jo_juJ 3 jLjuUlSu! JjoIs 2 jO ! KJUjSD 

■ C^UüJI Jû-AJÜ^JI I(^5^9 V ôjljuUÜul ^LCj-JUÜ 3 

n = - 

V 

■ ÔJ03 ClJ OljuJLaJ j> LjuüSj \J 1 JjoIsjO 

! 1 VjlûJ tl3^JI jLuüSul JjoLs^XxS v_sJUIj3 C ^jlûJ V ^LCj^uJU juuJÜÛJ oIcUzjuü\JI JS cl3^JI ^sv9 

• n * = 1/00 

: 3 ^ cLcJI jLuuSu\JI JjoLs 2 jo ùI lsI 2,3.10 8 m/s Lu^üj s 3 -zJI clc^juü lS^Lujü < cloJI 

^eau = 3 

q^QxJI JqJpq jLuülSJJI , Lolgjo 2 — 3 


. _ L 

Àyide = C.T = — ! 3 ^> V ü_>J £,Ls2jju\J X ^ 1 > 9 joJI J 3 J 0 



( ^ — “ ÔjLuJl^jl JjoÜîjO ^JüjO LSiüjûj Jû j uJj lSv9 
I CÜLII ciS\lsdlj L^JlC _>+2j X ci£>£x> V tSi 

c 


CÜüLuuJI <Ü\JUiJI 


X = V.T = 


^_ ^vide 

n 


n 


n.V 

^vide 


Lentille 

convergente 


jQjujQJO PjflUujIoJ gQdigJI ^JüU 3 ■ 3 

! j3_juü3joJIj lAjjSZj 

/XjJÜ_juUUO lO Uzblaij i <juuj3ix> û^3- li " JuUU0 ^gA^tjo ^Lq-juj Jû-juü3 j3_jüü3joJI 

j3_juü3joJI ^JVJXjuUU 

L33-A-JutiuDJ 1 3^ ^suuül^JI gJaiuxJI iS3-*- juiJkJ 0 * 

gjo JuolsZ/uoJI 

JjLqjoJI ci>3JI j3_juü3joJI ôJlcIs • 

cÜjLûjcxJI Â j3_juj3joJI CU 3 IJ • 

. ôjlcLqJU 

c3«bJI JjJbfcj ! QjjSzü 
Cjuûjju\Jlj JojIjJI IJl& jJâjl 

http://www.up.univ- 
mrs.fr/^lauqieri/CabriJava/0piava60.html 

^ 3 a 9 j ,jj_juü Ub^> i (S) v_SNJ 3 jûo g-«uuO />lol 

< <Îszx)J>lo àJuSj cljujJlC cih_juul 3 J ,J^*j 3 I Jc> 


A 


Spectre de la 
lumière blanche 
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■ ^SLfi_Juj j (j-O I t c Ljuü LajüJ I3 c Ljuü JlS2-I I (JjJ 1 1 Q-JuûJ I Ùj£j& t E c I_jcüLjuJ j^^vJLc 

! oUâ^YLo 

j 5 _juJ 5 joJI ^ 3 J >3 UüjuUU cLu^JaJI cijojj^JI vJ$\j^v\ • 

. qjuo Lp->3>> aJlC CLÜÜÜI3 j3_juü3joJI JulC ^^3^1 

C £jS oI^J\J cL^jLuüuo oI^JYII ôJl& 3 CU3JL0 cLu3-b ^üj E cLjüüLuuJI ^jJLc ko\ Jj • 

V ^3-LoJI < ^Lu3^oJI c LS2_Q_aJI ÔJoî) ^jCXjuUÜ 

£ e 

ÔJJ> /xJOJ V-SNJ3^0 «JL-b ^-JujLjjJI ^jJLc (jjOJ>\JI ) Ù3JUI LSjL>l C3J0 JLjOJÜ-juüI JülC • 

ÔJ0I3 

jjOÛljuüjO v_S^J3^0 <*_ÔjJo uÂ^^I C^jÛûJI i^sJoSJ • 

<^ 3^1 oLcUljuü\JI ÏÏjjü iJ^IsZjU jLuoSu\JI JjoIsjO vjjuL>- £3*0!) JJuuO Jû_juü 3 gl>jJI • 

JJb^l 

! Ù3JUI l_SjL>\JI ^3^1 «wSljj^ül _ I 
oJl v_SNJOJjU Ù3JUI lSjI>I v_SVJ3^> ^Uljuü JjJ 
. j3_jJj3joJI <^->3 tjJLc v-S^-jujIjJI gJoüjoJI 

<=Ü3>^ Jû-C CjJùzü v^soJI ôjjfclbJI v_s^ Lo _ 1 

? CUuO c L> 3 jJ> JülC /XJ i j 3 _juü 3 jcJI 

JoulC : [JjJjJù 0>û>lb ùJL^i — 

vJ \3 0^3>> JUC ^pj £ I oJsiaJI uSvd 

. roixAji 

SI jjuu D iJo _ 2 

CLlSLouoJ I ^ Ls2_ajüJ I3 j3- j ^J3 j oJ I ^jJLc £, LsLjuüJ I 

D = (ëj,rR) : CLuO I'Rci^3> JulC 

ûbul /aC Jl 9 ^3-aju3joJI yÂ 9 VJOUU3 obuUI Ia{J (jjüuJ 1 3 SI ùlcl&juuJI — 

■ àJouuj I3J gj^aJI vâl/^jl 6/âlhJI ojlû) vjnjouuuü / ùjJUI 

obül gjo SI £Ls2juüJI obül l &s$j v^jJI Oj^ljJI D ôl.pb^l <=03!j : v-qjja; 

D-(S,rR) VSI TR VaAjyüoJI £IsjuüJI 

■ jÇ) «jjgjpJI OjlSji t 0; » ]cü Jj I a w I \ i ,A>^| _ 3 



! Lu Jj jLuulSuMJ OjlSLp ^1^5 ujuul> 

sini = nsinr 
nsinr' = sini' 

aii 9 ^ Ujii lxuuaia 

R + (^-r) + (-^-r') = 7r=>& = r + r' 

IJE 5 AJI' CJLuoJI \j9\j À>b 

R + (^-i , ) + (7r-^-i + D) = 7i=>A-i , -i + D = 0 

D = i + i'-R 














R 




! v_sJLjJI CjuûjJü\JIj JcujJI jJôj\ 

http://perso-oranqe-fr/quy.chaumeton/animations/2dprismel-htm 

^Juj ôj^lib 4 _ 3 

^^JLc ^LU^II ç^xi\ ,JjO JjuUjJ 

' C^\jj 2 j| JiLjüJI »*_Sv3 JjüOuO 3 ^ l/x5> 

D = i + i *— A 

£ c 

\1S ol ^yÎLuYll Ù^Su ^_SVjJI oLcLs2_juüMJ CL^JuOjJU 

LuCXx9 LoJuU i c ljOok_ûJl ^jjULÛJ Lxx^j A 3 i 
n jLajülSj J ! ^JjoIüjO ^LOulÆJ O i a lo a )jJd D 3 i Û*X>.s\jJ\ 

C c c 

. jul>\j i Ia£> 03J lsi e^^Ji c ^>3^> J3_b lsI 

sin i = nsinr 

nsinr' = sin i 1 


c 


Tl — — ol Lxxj3 cLu3JûJI oL>3jcxJI ^J^ju j3_juü3joJI gl>j jLujlSuI <Jjolax> ûl <juuj Lo^o 
^JuüO j 3 _juü 3 joJI gl>J ol lÂû ^3 oL> 3 joJI dJÜÂS ,J^is£iU oL> 3 joJI jLuJÜuI CICjuuJ ùlà 

Z£j&}\ lSI v-SO^JUÜLÔjl-JI Ù 3 JUI ^jJI Ù 3 JUI <JjO Jj£j PjLS i D ^JOüJuoJ CL^juJuJU 

D v > Dj > D r . jjS\ v-SO^JuULÔJl^ ^3^1 LosJuU [S\j3ù\ J 3 I 

: ctuo\Jj> 

C 3 *aJI ôjJ^Uô v-jkjLJuUU Lo IJlû^3 t 3^1 oIcUljuuN SSjjJ ]cuuj$ jLuJlSuI JjoU^jO 

: cLb3^JLo 

js>\ ^jJI Jû_juü 3 <jjo Jüjüu LoJulC cl>^joJ| J 3 ^> ùl Ù 3 SJ J 3 JQJ cLu 3 ^aJI cl> 3 joJI juuoûu 

lSjJIS . CLjuJLÔJ 3 ^ ^JnJLiJ t LoJuU ( jLuoSu\JI JjoIsjOU ^1s2jU ÔuJ^xi\ cI> 3 joJI J 3 J 0 ) n = —^~ 


£3^1 jLuUÜül CLCj^JUÜ 3^> jJ>l ^jJI Jo_juü3 <JjO jjSÜJ 


sin 1 


n , 


sin z 0 


H = A 

k 2 4 


jLujlSu\JJ Û 3JI3 ^ 















R 


3^1 ciJLuulLuuJI 

<U;UJI QjLmaJI 

OL* l*é£> jLuÜüül 

1 OJjJOJ 

■ C=3.10 m/s clc_)_uiju juJjüùj 

v 2 = 1,5A0 14 Hz 9 v l =3,15A0 u Hz QjjLXXxiÜI <JuU CüL^^jO ol^^jju «^-ÔjJoj i v_SNJjJCxJI £3 *ûJI JuuOÛU 

. £l>âJI v-sv3 c^JoJU obr^joJI Jl3_bl ol j+sü Jb*jo iJo _ 1 
. v-svj>oJI ot>£joJI Jl^-bl julsj JL>uo n=l ,5 gL>jJU jLuoSu\JI JjoI&jo ol LoJLc _ 2 

2 <j j>oj 

c £ 

J 3 JC^JI yOuOjl . n jLuo5Li\J| JjoLao ois <Ü)lsLuuJI JoLjJ 3 \JI gjjOC> >_S\9 CbJ 3 *oJI CL> 3 xJI jjuUÜÜU 

: ^sJUI 


eWl 

cLoJI 

èUJi 




550 

À(nm) cl>3oJI J3b 


1,33 


n jLuoSL»\JI jJjoI^o 

2 . 10 8 


3.10 8 

(m/s) jLjuJÜu\JI ÔC > juJ 




Hz v v üjJI 




Ù 3 JUI 


. cu»3-o c^^jo ^3jcJ J< ■■' cLuüüj : 3 ^>oJ 

£ £ 

. Ài = 633nm £ljjiJI v_sv9 C UJ>^J0 J^-b Ù3JUI lS:>L>I C3J0 clLljuu^ a ,J)_juu Cv_sOsü 
. cl>5joJI Jijuj <jjlaj ^juuJI <jjo D= 3m cl 9 Lujuo ^jJLc jcouuLuu ^^JLc 

. cuJLc Ju^l^joJI <JSLuu /xjuüjI3 _ 1 

. ^3a^*JU lSj^jjoJI k-jÂ^JU 0 L^ljJI Luü CLb_JUül3J < _ 2 

? ^3ouuJU a 0 ,juu ci3\bdl ^_ss-d> Lo _ 3 

. cujSjjoJI cLaüJU L vbjsdl^ D cL9LuuuoJl3 tan0 <JJJ <=L9 \LsJI Jc>3l _ 4 

. oLo^JU L^jlc v_sv-aJI 3 ^ ^Luuutan© ol UjjûlcI l3 | US3-»jjJI ^jjulqj 5 

. L= 12,0cm ^>3 a^JLI cu/SjjoJI cl^üJI ^/djs: ol5 N a cu^lôJI _ 6 

4 jjjjjoJ 

/xj < Ài = 633nm £ljjUI v_sv5 c U>3x> J3-b ja>j>\)\ O3JUI lS^L>I £3^0 cüoouj^ a cUoj^C Cv^sOaj 

. J3_^uo X c L*j>3x> J3-b I C3J0 cLbouj I3J 
! L^jJLc Ju^l^jcxJI ^3!^^!! gjLJIj qjLsj < L q-juûJI ^jjo D asj i^^vJLc ji>3j 4 ^oûjLjuü <> _5vJLc 

£3JaJU cujujuJU 3 Li=8,0cm Qjj 5 jjzJ\ cl^üJI jjoo\JI cujujuJU _ 

. L 2 =7,5cm cu>S>cxJI qaaJI 

. a ^_3 jujJI ^^3 cu/SjjcJI <=Ls2ÜjJU 0 LS3I/JI ^^àJI 3 À, cl>3jcJI J3b cL9\lsdl bi£:l _ 1 

0(rad) = ol JO _ 2 

/. 

. CLüb tJv-ûjJ ~ c L^juüuJI t CHiSio v_syj><0 jL^J c l-H UJl ^Jb cül ,juu 1 _ 2 

. %2 ^l>3JCxJI J3^5 V^jljuUL^I 2 _ 2 

5 

■ (v3jj^l) ?iB = 487,6nm 3 (jjcx^>\JI) ÀR= 656,3nm £,I>qJI v_sv9 Lxx^jl>3x> J3_b 
. n B = 1,671 3 Hr— 1,612 ^svJl3jJI s-^ jLjujlSu\JI ^JjoLsjo I ^jj _x_pJ ccljuüjJU 

■ ^Ls-juüj 1 4SIqjCxJ I ^jljuJL!>S _ 1 

! ^LsZ-JUül JiJ AjljuUüJ \j V^jljuUL^I _ 2 

gbrjJI _| 

gb>jJI kS^S c Uj>3jo J3^ _ w_j 























R 



<&Uuj\$J ^JuJ :6 (JJjJOJ 

c LljuUüJIj CLjuüljjJI jj&OlJ ■ A— 60,00° oJLuO c LS 2 JûÜjO gbrjJI QjO Ij 3 - a ^ 3 j ® 

j 3 -*- i ^ 3 jC *" • c ^>3 <^ 3 -Lc gloQ/xJI JS^jLajUUO v-S'-J&juuoJ I «^5^3^ gls^uüJ 

cl^jujuJIj j 3 _juü 3 joJI jLujlSuI jJLo \slo . i=45° V> 3 j 3 -II CO 3 IJJ j 3 -juü 3 jo c l >3 ^jJLc v_s03^o gbijuu 

. nj=1,660 3 ^ £,Ulj^ü\U 
A — r + r j D — i + i — A <= 031 ^ ol cl^jj julq^ clûj^Joj <juu _ l 

D j/ i , / r,r 1 «^jujc^Î jLuo5u\JJ o^15u^ Û 3 JI 3 _ 2 

(rio = 1/655) v_sJLûJjjJI 3 (n b = 1/673) 03 JUI lS^L>\JI <juU 3 *aJI cJL> ^sv9 JI 3 -JU 0 JI <jjulôj _ 3 
. ôjjàltJI /xjujI ksA . j 3 _jJj 3 joJI Ld^jLa^rl -X ^3 J-^s Ù 3 JÜI cu^L>\JI oljLuuuo Jjuo _ 4 

7 ijjjjoJ 

JJ 0 J>I ! <Ju^Is_»jU <JjO CU 3 SUO CLU 3 J 0 CLoJJ> ÏjJ 

A cu^lj j 3 _juj 3 x> <^-> 3 ! Jol tjJLc U^ 3 xxr: v_so^uülQju 3 

. ( ClJLô-JuüÎ JijuuJI jJûjl ) 

Ay = 0,4/im 3 2 ^ = 0 , 6 / 7/77 : v-sdoaj 

. A=30° 3 ^ =1,65 : ^LuuSj^I 

Z? 

jLuo5u\JI ^JjoIsjO jjSU 72 = Cl H-— 43\ls2JI jjSU 

À 

. oLüub b 3 a Cju ç> v-sO^^JI ^i> 3 joJU A qs>$x>J\ J 3 I 5 cJ\Jju 

? OJl^J ôj^LbJI /XjuüI Lo _ 1 

■ ( 2 ) 3 ( 1 ) <j^U^uJI Le JuJsJI gjo _ 2 

. v_sOjuJI CLû^b^J^I CLiujuJuJIj ^UljuüJI Qj$\j Dr ^IjCXaS <^jljuUL>I _ 3 

Cjuj>j f= 100cm 0 ^ 3 ^! cuj 3 jJ l LpjisLuuuo . L ^isuoj^jo cljujJlc (2) 3 (1) />Lol _ 4 

QuûuOjJ^JI QuU cdLoLôJI (t ^LuüüoJI Ù3-5x.a. 9 (1) g IsLjÙjJI gjO v»S^-JuULUjJ I lSjuZXaJ 1 L&j 3-^ 1j O t_Q* loÂ J 
ôj 3 a^JI lSj 3 jJI ^ 3 ^juüucxJI v-SvS ôJc>l 3 ijoJI E cLaJjLJjJI Le L^jJLc Ju^l^joJI cLoiijuulôJuJI 3 cIjjojsJI 

. i - 2, Al cm : L cujua^JU 
^ = / , tan(D v -D J? ) 1-4 

! /Xjl9 (^üuuLajüI 2 _ 4 

CLcjuUüJIj v_SO^JUüLÛjl-JI glsLjuüJI <= 031 ^> ! Dv 

. v_sOJuJI ciûib^j^l 
g Ü^JujJU CL^juüuJIj j 3 _*jü 3 JoJI jLuüiSLjÎ JjoLsjO ! n v 

■ ^C^ * jULQ-juJ I 

■ b 3 3 QuûüuLÜI (_SNju 0 ul 9 V^jljuUL^I _ 5 

8 iJjjjoj 

i33-Û-*^ JLxXSjljuüIj ÔJlaJ^joJI CLu 3 jÛoJI oL> 3 jCxJI ôcLol ÔJuuü Jjjuuiü ^ 3 : pJI QjjSZJ J\L> 

. d 3 =lmm 3 d 2 =0 / 5mm 3 di=0,2mm gjLJU 
CI> 3 jO J 3 J 0 . ( /xJLuü Ù 3 JU ) 0 L^ljJI ^>ûJI cd\J-)U I ÔJuulJI oljuiiü ClJLô-JUül oLulZ^juoJI Jjuoj 
C=3.10 8 m/s ! v^ssjfc ï\$jçJ\ v_sv 9 ôjLujlüI ëLCjuuj$ c 633nm 3 ^ £,I>qJI Ù 3 JUI lS^L>\JI c 3 ^oJI 

. cUjSjjoJI ctaüJI J^b 0 

? ôJuj^joJI ci> 3 joJI Lo _ 1 
. cJ ^_ 3 S I 3 J 0 JI ^juüJIj ^^vJl^ijuo ùjSl _ 2 

jjx D=2,5m cisLuuuou _xslj cljuüLuü ^JLc cuJLc Ju^^jo ^ 3 a^JU cuj^jjoJI ^üJI 3 ^ Lo _ 3 

? di cljoj.c lSjJI , 3 juüJI 
v=C/À=4,74. 10 14 Hz : v lysJI 

I 1 JUÜ 3 JI v_svS ^ 3 ^> 3 joJI ^jvJl^ijuoJ I 1 ^_ 9 _j»JuJ I 

<JjjOuJI ^JvJLc ^ 3 ^> 3 joJI ^JVjl^ïIjuoJ I 2 ^juüJI 

d=2ÀD/a=l,58cm _ 3 . jLuulJI ^sJLc ^ 3 ^> 3 joJI ^jvjl^juoJI 3 <j^uuJI 


l‘ 

'i f m:.( 

J 

L 


0 






















2 ciLuüdLuuJI î*jjLoj 
3 ëÜLyudLyuJI àjj$«ad\ O^r^joJI 


1 \JJjJÜ 

: £,l>àJI v_sv9 t^oJI obr^x) J^_b Jb*jo _ 1 

. . 1.1.1 ^ V V 

V^Vq^V,^ —< — < — => — < — < — 


^2 K 


^2 ^0 Vi 


y?2 < /Îq < A 1 => 0,4//m < /l < 0,8//m 

: cuJUI cLs\lsdU Jû_juu 3 jLuoSul JjoLslo _ 2 

. C 

■ Sr 5 ^ £,l>ftJI v_s^ CUC^JUJ dJUÂ^ . b^lsOuJ -LljuJ3 V_sv 3 C3 ^oJI clc^-juj V = A.V ül v±JU_xS /xl^3 Tl — — 

C À À 

gL>jJI v_svj>oJI ccOaJU oL>3xJI Jl3_bl ^xâj ul S v.sJLJIj3 TL = — = — => n = — ol v_sl C = y^.V 

' V \ Àq 


■ V_S^ 

0, 4jUm <A 0 < 0,8 jum 
0,4 jum Aq 0,8 jum 

1,5 n 1,5 

0,27 jum < — < 0 ,53 jum 
n 


2 

I \Lo jLjujüij\JI kuuj^j ,3JLslù\J ol jLocIj 3 cü^LjüJI ols^UJI dLo^OujU 


èwi 

cloJI 

êUJI 


567 

414 

550 

À,(nm) cl> 3 joJI J 3 -b 

1,5 

1,33 

1 

n jLuoSLi\JI JjoLs^jo 

2 . 10 8 

2,3.10 s 

3.10 8 

(m/s) jLjuJüu\JI ^lcj-juu 

5,5.io 14 

5,5.10 14 

5,5.10 14 

Hz v v üjJI 

£ 

>uSL7'l 

£ 

>uSL>l 

£ 

>mSO-I 

O 3 JUI 

jjlSZjU \J O 3 JL 

Is :>.V>jJI ûl Ioj ùSSjJj JojJ>o O 3 JUI sS^b^î ^Is-aJuJ J5 Û 3 J ûî ! clL±>\Lo 


^l>3jo ^3j« 2>J j5L*ju cLujü[ ! 3 ^jjjjoj 
clLOojo àuJ^> vIJlû^I O 3 SU ko>\)û 3 cOOLôJI lSS ^jJjJI O 3 JÜI lS^L>\JI c 3 ^oJI jbssu LoJulC _ 1 



vLmJI 


^jüüLüüJI 


ô_Lûi ^juxjujü . St svjo^3 v_svj 3-^ g*JuOsS ^_9 _aJuJ I 'JSj^æüj . PjoJlbb03 

. CLu^oJI qj>^joJ| ^3 jjJ> : ô^ûiLbJI 
Jû_juü3 <JuU ôj3jZi>JoJI CO3IjJI 0 V-S3I O^âJI v-SVJOs-juUÜ _ 2 

. cLoJÜÔjo Qsiàj J3I3 sSjSjjoJI 
! ^^juJlJU 3 yjâjSi) I3 0 <juu co\lsdl _ 3 



a 

\ lSjSjjoJI v-j^JU L ^>^13 D c^LuuuoJb tan 0 co\lsdl _ 4 

! LujJ Jij^jJI ^_jljuUL> 


tan G- 


L 

2 D 


tan 0 ~ 6 6 = - ol U^julcI N _ 5 

2 D ‘ 

: coo-ôJI ^jLujs> — 6 































R 


0 = - et 0 = — -. 
a 2 D 

2D.A ^ 
a =-= 31,7 //m 


A 


A__L_ 
a 2D 


4 

^_9 jLuuJI jJJjjOûJI 3 JI^juüJI jJcül _ 1 


! CLûb y^SUJ - c L^_ajUuJ I i^juSLO jLg_^ïJ ^JLJUÜLiJb Cül QjjuJ 1 _ 2 

L 


LujJ LjullI I O^S\UJI <*_a 


0 = - et 0= L 


2 D 


Â_ L 
a 2 D 


a 

A _ a 
L ~ 2D 

jlp^JL ùlalaAi cuiLîJl 3 jj>bJI tj+j cdLtsLàJI ci9LajuoJI D 3 a _>jiLajoJI ül tjj-ss! 49\LaJI t>° 

A Q, 

. JLo^iüuüI xdJ li>l cüuÜ — ül »*5l jlojsdb .j^aju - cLljuuuJI ûls v_sJUbQ 

L 2 D 

A^ 2 _ 2 

A 

ois jLg_^ïJI (JjulQjJ cL^uüuJb cLûb — ol Loj 

^=^^a 2 = l ^a ï 
h l 2 a 

^ =0,9374 


: àJûuuj\$J ^JLü 6 ÛJ>0J 


( jjdUjjJI jJcül ) CLljuüJUl^JI CLûJjJoJI JLo^ji-JUül _ 1 

; jLuuLSbVU v_S\jLÜI O3JI2JI _ 2 
! Lu _)J I ^> 3 j 3 JI 4Jaàj AJl£ 
sin i 

sin z = n. sin r => sin r —-- 0,426 

n j 

r - 25°21 

: I' ^>3j3JI 4 Joüj aac 

A = r + r’=> r' = A-r 

r' = 34°79 

n ; sin r ’ = sin i ' => sin i ' - 0,947 
i' = 71°26 
Dj — i + i ’— A 
Dj =56°26 

■ vJjj^l O3JUI i,Sib>\)l c3AaJU cUuuuuJU L^jJI sjjjul=ü cLajjJaJI t^jjL&Ju _ 3 

r = 25° r’ = 35° i' = 73°67 

D b =58°67 

! v_sJlüj_)jJI O3JUI v_SJiü>-\JI E3^aJU EUuuojJL 
















R 


r = 25°29 r' = 34°70 i'=70°42 
D a = 55°42 

03 JLII CU^L>I I oljLuuuo _ 4 
I Ld>J La-a-J^ I 

. c^aJI ^JuJ ô^ûilbJI /xjuüI 

7 ojjjü 

s^bJI ^AjJ ô^lb ! v_s^jJ ô>ûilbJI /xjujI _ 1 

CLb-JUül^J 

clLljujI^j ^lu^I c^oJI ^Jlü ô^jàlb v-S^^j _ 2 

ClS 2 _iuj\JI <JjO Isl^pül jj£\ «^JnJ^juULQjuJI £UuuJI ol ^yÎLuYll Sj^oJI ^ÛjJo iJ^Luûl I j^juJ^O 

! 0 I 9 JSLjlJI ^jljuuc> üi>| ^IsljûüJI ^jjo v»sJbJlj3 

v_SVJ%-juULQjla Jl £lsjjjjJI Jixw (1) 

. _)jO^\JI ^LsLaaJI JjuOJ (2) 

! >_S\jJlJI CLuuuuJU _>jcx>\JI £_LsjjjjJI <_9l_pül <^ 13 1j Dr 4jo^9 — 3 

! OjlSLp Ù 3 /I 9 v_jljujij>- 




sin i = n R sin r i=0 


sim 

sin r — -— 0 

n j 

r - 0 

A — r + r' => r' — A — 30° 
n sin r ' = sin i ' => sin/ ' = 0,825 
i' = 55°59 

D R =i + i'-A=>D R = 25°59 


£ = / 'tan(D, - D R ) 4s\kJI oU 1 _ 4 

QjljuJuJj}\ I QSU I lo< f) cl^pJI J C l juJ qJ jQ j ùüQJdJ I jLajülSÎj\J| ^loQ I I J^LajüJI 

Ôjl«JO»l JülC tSl i_S^juJL(J_>JI iS^JI _j<ptjoJI ^jjjUcüjO v_SvJÏUULLàj_JI ^l&juüJI . 4sàOx^toJI COuJ-XSîJU Ei_S^_«jüJI 
Ljl_9_JD ^_ujAsJI jLûZ^— wJ Ei^SvjÛùJI QjljuJuJjJ I Ôj^jJ ijJO Y i ^I g -nJûJI LoJLaJ t 

. v_S'^uJuJ_>J I IjSjjZIjJI 

! Ol JIjuJI JM> 03 

i 



ia.n{ô 6 ) = — 

S0 = D v -D R ^tm(D v -D R ) 


r 


- f ' tan {D v -D R ) 

2 _ 4 

! Dy v-9l^*j\JI cL/^lj 4 jOul9 ^üuuLjuuu 


v 






















R 


n v sin r ' - sin i ' 
A-r + r'-r' 


' = / ' tan (D v - D r ) => D v - D R = Arc tan 




v/'y 


f 


D, = Arc tan 


— +£>« 

r) 


D v =26°99 
D v -i + i A i=() 
i' = D v + A = 56°99 


n sin A — sin(A + D )=> n — 


sin(A + D v ) 


sin A 


67 


b 3 3 uLi> _ 5 
: LüjJ «LujIjjJI 


n R= a + -,2 

A r 


n =a + - 


b_ 

K 

b 


n v ~n R -b 


J_ 


b- 


n -n 


R 


- 5,63.10” 15 m 2 


J_ 


a = n v - jjy = !’634 


8 {Jjjjü 

: ôjuc^joJI cl>^oJI _ 1 

/L = — => v = — = 4,74.10 14 /7z 

v 4, 


0 = — = — => L.d = 2/lD : qsUaJI 
d 2D 


_ 2 


. Ljuoic oLljuüLûu d 0 v_s^3 Jjuouo^ ^LsüjJI J 3 J 0 L ol LSI 

> Z , 2 > Z , 3 oî lsÎ d^ < d 2 < d 2 LujJ oLJa^^JI J\L> <jjo 

3-0,9 Jû-juj^JI <*3^9 Jl> 3 -? sSjJI lSj^>jo V-^ >41 <-_sd-C j33ju sSjJI ^jvJl^ijuoJI ül jjuuûu JijujJI <jjo 

( 1 ) JjLoj 

, 3 jujJI JJuoj 3-0-9 j LjuüuJI ^jdLc A^> 3 J sSjJI 3 ^ lSjSjjo >â^l ^jJLc >93Ju lSjJI ^svJL^JuoJI 

(2) ,Jj_jJjJI Jjuoj 3-03 QuuOuJI Le Jl> 3 j sSjJI ^svJL^iiuoJ I 3 
dl ^ 3 -juûJI c L^_ajULjJ L. D = 2,5m ^191juUUOJ ASLÛ CLjuÙLjuJ Cl-d-C V-^JI _ 3 


yi L 2 /LD ....*, il 

— =-=>L =-= 1,58cm : <^9\lsdl 

d { 2 D d { 




















R 






ciSûuüj cÜsüujI^j I ^ 3 ^ 

Détraction de la lumière par un réseau 

vÀf^aii — I 

^JuJ ôj^Lb ^jJLc <jjo <j^LoJ cU>-£u ^-C^jo^uo clSL^jüuJI 

àsx+siÆ K j^ ôjLlC v_s^3 ■ j3_juj3joJI ùLuu IpjLuu C32JI 

ClSLuüUoJI CO3buJÜuO ^UjI^Ju03 oLû_jÛü ÔJlC j^jJO 

. L^JuU LcXjl 9 

pas d'un réseau Jl 03]^ 

jjOjJ3 ctSL^jüuJI ^3b! L/Jb- 1 ^ 0 (^JuULjûj ci3LuuuoJI <> _5 vjOouüj 

. a «wSjj^JU J 

^JlC lSÎ J3I0JI ÔJ03 v_SvS olû-juJI ^_XS£J ciSJjuJI Juuoûu 

fl — — q3\JLsdU SAszi I IjjX >aSj 3 . J0I3 jJuo ^svS oLq-jJJI 

a 

^dgJujujD P^LuJü J. 

. jjuoJI v_SN-â> a ÔJ03 CjlaJ> 

! O ISLhüJI 

■ J laJü il b ^l^uLJuj l _5vjcxjuuü3 jjLouJI ^Jjuo c 19 Lq_jûj cIj>Ijuüjo oIS C&uljJj _ 

oSuljuJ | fc _5VJOouJÜ3 jj\ÜU ôsJjjdl lS.S CL^uOJuoJI JjuO CLjuoSLc CL^IjuüjO ùIS ClSjjuü _ 

<jjüÜsO\JIj 

■ a C^u^JüJI ^3 lo~> ^jljuUL^I ■ jjuoJI v_S\3 Lq_juJ 400 ClSu^j j&jhCl ! Qu k QJjjQJ 
vj>v s oLiLâJI ^jlc n ^jljuuoI . a=10" 3 mm l^Ja^ ciSL^üj 

■ >UoJI 

^5jcJ uSw>s*JI j\jJ^\ — II 
. 45uuüü oJa-juj|$j Ù 5 JÜI 
: àjj^ci — 1 _ II 

Ù3JUI cu^L>l cüL*3:> CLJ3J0 ^U>>> jj\JJI jLgj> ^-b-juül^ J^uujJ 

Jl> 3^ ( ^Lo-jJj cL^LjuüjO OIS ^I^uljuü ) lJL& ju\ib ^SuljJü ^_5\JLc 

. QSZJOSZJO OjuüJlC />Lol 
■ ^LjÛjLjuJ COuJJlsUJ Ôj3^oJ I L_S j3-d I L-S3jOuüüoJI L_sv3 &ÛOJ 

^juJ^püJI gylüJI jloJüuujI — 2 — II 

V c LOj LjujJ I ^JnJLc ô Jl&LjuüU Lo L- Q -a^D _ 1 

CU^L>I 4 jU 3 ÛO jJjO ^dLjuüJLjuJ Jlû^LuUÜ 

Lxxj 3 43Luuua CU3 L^uüu03 Qjjl^Lo O3JJI 

. cu^joJI cLaaJU cLljuulàJ U bJjLoûüo3 L $Juj 
? ôj^LbJI ôJlû^ /xjujI Lo 
L idI L IJjdJI J^ iïii | c L2xJaJI O-Oj v_sv-^3 ■ ^3^*^I ôUb 

gjjoo> v-SvS ^d3^> oL>3jo CjlslJ é ^b3ib ^03^0 gjLuo^ <=tSL^j0uJI ^3^-^ kSjj^uü^ c3JoJU <=LjJ>^oJ\ 

. i^3jOuuuoJI O i&büi 

2 

cLs^üJI cl üj l^° L 9\LLül &Ü-JI /x 3 jJ 3 . cLaüJI ôJl^J k=0 cLüjJI clb^:| ^jJLc £jJLb*£U9 

, cujSjjoJI 

. Lp-üj -J^ljJ &JO &Û-JI ôcLol ûl 1 _ 2 
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ôcLo\JI LoJuU <*-jüjJI ^JlC JuljJU CÜjSjjoJI CU^Ü-JI <JjO b_Xajül LcxlS Cül <JSljuuJI J\L> <JJO ^LÛajU 

{jÆÂjj 

güOJuO \jÆj 3 Cllo JUül^J ^SLcjuüJI _ 3 

? Jô^\b li>Lo 1 _ 3 

^jüJI cl> 3 ^jJLc <^iAj\JI Ol^J\JI <jjo uO>b 3I qj^L>l cLqJLl^iX) 0I3JI ùli cLsljJjI ÔAC bo\Jj 

? <^3*0 ^jJLc J3 j^l^JU cljujLuuJI &Û03 2 _ 3 

. u&jJi Jl cLb-Juj^ jjjoSlSJuoJI c^JaJI Qu 3 Jl>3j lSjJI ûlSuoJI v_sv 3 coJuLujJI 5^03 <*_jL2*j 

bx>\Jj cÜoqjJI ôJLpJ cl^juuuJIj L^ljJI ci&bol ^>£-11 c *->3 gls-jJj bo\LoJI Cjuüj IoJulC 

. i^so^juülÔjuJI ^jJI qjo ^jüJI cl>3 ^jJLc «JaLbl ôJlC 

? JLüü\JIj guoJuoJI v&jsd I Jjfc 3_3 

■ ^jjüISL^J Lj ^LSuljÛJ 3jQ> Jlüjü\JU ^Su^juUU CjljuULaJ 

. v^sjoJsuüo ^ 3^3 <Ub* : JjJLsü3 jjmjJü — 3 — II 

ô^l^JI ^LûI j^Jo_v-aj\JI cl*j 3^JI ëtojj^JI ôbdl O3SU cJbJI ÔJL& v^svS 

I 3 I C I 3I ) oLq-aJùJI ol y_svj-S2j Ijlû^3 U^3jOsX: ciSLcjuüJI j^jnJLc 



O 3 JUI lS^L>\JI c^JoJI ^ 3 jJ> v_sv 3 OuUL-JUÜ ClSL^JuüJI û| J 3 ÜJ ! ^ 3 jljuUUCxJI ol&bol g-AJOJ> 

jui^juuJ I ^3j3 * 



à ^L^ J 


^JjO Q*«jui5LiJuoJ I 2 < 1 ( k jjüi^'3 J ®^ I j- ajlS 2J ! i*JUjS2J 

Joi*JI 0 <=03 1 ^> ûl^Su cLup*j I 7 3 I 

jjLJuüü'j \3jB \~3 jSZJ ■ ^SLcjuüJI j^^vJLc i_SVjoJÔjuoJ I 

I cLbüjJU lS^3jcxslII .blQ_juu\JI H CjuS*u TH ^LujuoJI 

! JijJuJI <^_jljuUL> 2 CI>3joJI ^JvJLc 

cisLuüuoJI di ol S - d 2 -d x - ÏH 

cisLuuuoJI d2 3 1 ^J>3 joJI <- 9 >b jJjo ëLC3JaüjoJI 

.2 cl>3joJI ^_9jJo jJjo cLC3-b.Q.oJ 

ûij 0 = {fm) LujJ3 


sm 0 - 


l'H 

lï 


ÏE 

a 


=^> l'H - a sin 6 


S -a sin 6 


Ol lSI 


lS^^àJI ôcLoll üli -bàjJI g^> 3 X) • 

v_sv3 _ L^Juu Lxxj3 0 oLdibo\JI ^333 ôj^uuuüucxJI O 3 JUI CU^L>\JI cLu^ûaJI oL> 3 jcxJI 

ô 3^3 v_svÜ - cuLpj\UI 

. cLu^JûJI cl> 3 joJU À cl>3xxJ| J3U Lâx:Lajo 

S = kA aveckZ 


: — LjjJ cuî L 0 J 3 asind-k/1 ol lSI 




k e Z ol 5//7 6 = Xr/l/7 : ^sJU^ 

. cu^^lqJI 6cLo\U CLÛSI3J0JI oUbo\JI k 3 \j^û\ UI3J sin6 — kAn \ ci9\lsdl ôjl^ 
ôj3-JI < jjo cujjjjJI ( ôj3^I CU3JÜÜI j3-«JI ) cu^a^lûJI ôcLo\JI üli büiJI ^jvJLc cOuüIjaJI Oju^üSl li>| 
^jüSj 3 1 Ijc> U 35 u 0 »Jaljj*j\JI <=013Ij Olà t ^xx^joJI cOuüJLsdJ F 7 ôj^^JI ^jujuJ^JI 

! J3jJîjo 
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F'F' 

qsLuuuoJI f sin 6 -tan 6 = 

. CLuüAsJU ôj^JI 

\ k cJL> 0^3 

FF' A' 

sin 0 -tan 0 = = -jyy 


-jy - kAn : oî sin G = kAn ol lojg 

« kAn => = kf'— : osl 

/ k a L 

F'2 ‘ F'i cUc^lqJI ôcLo\JI ois JaüjJI ûl9 v_sJWIj3 

■ L^Juu ^Jj0ol9 ^L9 LjuüuoJ I CU3LUUÜUO F 3 < 

A 

/ = — X k — f '.— ; v-SN-û^ ^LuuuoJI ÔJlQ} 

3 

. Ü^.^LO-II ÔeLoSJI ois JoQjJI ^JlC * 


/rA/?! < i I5//7 6>| < i oî LoJLc3 sinO = kAn qsMdl o^Lc bload 


. ëü^iaJI ôcLo\JI oIS iiüjJI ^JlC 3A3 k S Z 


1 1 < . 

-< k < — : ol jcoiS 

A /7 A /7 


iSNjoJsüüD jjlC jjuUA ) — 4 _ II 


ô ^^juuJI 1*3^3 ^jljuul^ü ■ oSL^JuJI O3JUI ^j^L>\JI 1 ^S2_*Jü\JI ^r!3Î3 ^0 



LojJ 

ô = d 2 -d 1 =I'H - IH 

G 0 =lpH,G = I7H 
. „ I'H I'H 

s/n G = —r = — => IH = a sin G 
IV a 

. n H'I H'I 

s/n G n - —- = — => HI = a sm G n 

0 ir a 0 

ô = a (sin G - sin G 0 ) 

v_jv£> _>j_uuJI »_9>3 OjLtC 0 I 9 «^jjLuijüJ o\L>IjüJI oî L 0 J 3 

S = kA avec ke Z : 



! ,jjo (jSuOj S^jJI Cv_svjjüJI 

kA = a (sin G - sin G 0 ) 

■ n ■ n kA 

s/n G = s/n G 0 + — 
a 

sin G = sin G 0 + kAn avec ke Z 

£ 

IjiSüüJI c£rfâJI à£jcd j jjJI — III 

■ ^SuuuJ Qhu*j\$J 

. QjjSZJ — 1 

U^3jcxC ^yÎLuSJI ^3^1 <jjo cLûl3-b-Juul ^t«J3^ ctojj> J^uUjJ 

. L 2 Qszjqs*lo cLjujJlC />lol Jc>3j JLaju\Jlj ciSL^uu ^jJLc 
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S' ÔjJ&LLJI ^XjuJI Lo ■ CLjÜüLJuJI ÔJLûiLijU IjO ^- Q -a^D _ 1 

C C c 

{jÆüy C^jÛoJI ^SLJol <JjO cdLuüJLjuü Jlû^LuüÜ CjuC> ^yÎLU^I ^Juj Ôj^Uo CCuuLuüJI ^jJLc IbL>\Jj 

.cLojj cUj^jjoJI cis^üJI I_)lC Lo 
. <téLujuU cJo-jujI^J ^yÎLU^II C^jÛoJI ôjJ^UôJI ÔJlû^ ^JVjOouüJ 

? C3JUI cLojU CUj 5 >oJI cLaüJI û^Su ISlxxJ j^uoS _ 2 
c^^oJI ) C3JUI cLoju cujSjjo àsüu v_sJasiJ C3JUI OpL>\JI cUj^JoJI <=Ls2_jüLp\JI §jjoj> 

( 

: k=l clüjJI lS^ <*_ûa iaJU cLujujuJIj _ 3 
? v-SV^IJUüLQjuJI f)\ IjljjCl jj^\JI C^JoJI Lo _ 

c c 

St SV^1juüLÛjuJI C^JqJI »J*ljJ*jl <JJO j^l Ù^Su JJ0J>\JI »J)ljjd _ 

? j^-jJj^joJ cUjuuuJL cuJoj>\Lo CjuoJ Lo gjo I Juà Jjà _ 4 

<JJO iJHjjd jjS I v-SV^IJUüLÛjuJ I C^JqJI ) j5_*Jü5joJU CLcjuüuJU CUlbL>\J jO CjuoJ Lo gjo \J 

. c^JaJI ^Juj3 ^3ju> O^ ^-ujJjJI <j^uoJ ( >^>^1 

pJI^ Q^uuuuu cÿ^uoJI JJLaj <jx güUI (6) Ù9JUI v-S^L>DI ç^hJI v 3 l>^Jl Qj$\j l d ^üuuljuüJ 

. cl>3joJÜ X 0^r£joJI J5J0J ^UJlcLsu 

0 v 3 l^VI UI3J 2 -III 

! v-S^joJaJuo cJL> 

ôJuo ^3^1 ^3j 3 LgjS C35L v_scJI cdb*JI 

JJ^SD v^sCiJI 4 S\Ls 2 JI QjuÆüS 0O~0 CvSLujJuJI j^^vJLc 
: ^5^ Qj^jÆSlÏÏ Ô&Lo\JI 

s/n 0 = sinO + /r/l/7 
6 0 - 0 sin 6 - kAn 

ke Z 

: CL 9 \JlsÜI ÔJL& QjuÆÜ ljC> àjjSZsG 0 <=03IjJ CLujuUüJIj 

e rad= k? Z = k ^ n 

3 

C C CC 

JCoJI csJ! v_svjoJuu cl>3joJI J3^> LpJ C3JUI qj^L>l <=Ls2_CuI ôJlC qjo C3SJU ^3JaJI cl Lou 

. C3JUI lS^L>\JI £Ü2_uu\JI C3JL lsI k qj&jJu ^ljjc\JI £03^ cls 400 nm < A < 800 nm 
<^jJjJU CLÛ3I3J0JI v-SO^juülÔju^ jÂjæS)\$ jjoj>\JI c3JaJU cUjuuuJIj Sin 0 oljLx v-sJoaj v-sJLJI J3_L>3 

. ^Lb\U k=2 3 k=l 3 k=0 
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k =0 

k=l 

k =2 

sine = 0 ^0 = 0 

1 ^^UjSJI ^Juûu\J 

^LslûjJ 1 G$5j3 oSulaîJ 1 ^_ 5 vJLc 
. Ù 3 JUI cL CüJ CUj^jjoJI 

5//7 0 R = 2A R n 
sinej = 2A s n 
sin0 v = 2 , 4/7 

sin0' R = Z 4/7 

S//7 G'j = 2/^/7 

S//7 0' = 2^/7 


ôcLoSJI oIS JaüjJU cUjuuuJIj oLjujJI [x&$ 
Q^uou cül9 Û 3 JUI lS^L>\JI cOjujuJIj cu^-^lqJI 

ClSLjJjJI cIj 3 CLÛ^JSJ QSZJQSZA ^SLfSj ÜujJlC 5^03 
£Lo v^S^jülujJI Lâ>j3^ J ^ SIjuo t Q k laJu vJliuc> 

(k=l) ^LüjJI 4 SS jJlæ \Jl ^ 3^1 ôb*jl 

ôj 3 ^JI lSj 3 -JI lS^IljujuoJI v^svS c 3 ^oJI o_^b 03 ^ 0*3 

. ÜuU_Xsdl ôJl^J 

wâJsJI \jOj£> - 3 - III 

cLüjJI lSS v_sO>oJI c 3 ^oJI i^ûjJoJI 0 e >î^ 

t jjo cljjoctJI ci^üJI x 1R = f'À R n Cjus> x 1R — x 1V : <&uuj\$j Ju^l^joJI k=l 

i^ûJaJI jjjulqJ <jjo ^La^ljuü^juJ I cLaüJI J$jÆS\ X 1V — f'ÀyH 3 cüjSjjoJI cLaüJI qjo ls\JJcül uL-LJI 

(k=0,x=0) cL^luJI ^üj^jjoJI ^IgiLJJ ^UljuülâJ U 
x ir - x iv = f ' n {K~K) ^ s^JUi^ 





x kR -x kv = kf'n(A R -Ày) : k cuï>JI sSi v_s\j>oJI c$-aJI «-àJ» ^>c : ^moai 

3 ct^LcjJuJI ù 3 -b.> Oj^> loJS k=l àujj]\ lSS O-JoJI ùl ,juuO ^^Lsdl ûJl& J\Jj> <jjo 

Ce c 

euI ëL9\JUdl ôJl& Chh^ 3 ■ ëisSIsdl gx> ,J^sI3aj lÂ^3 < jjuoJI v_sv3 ^3 ^_q_j»JuJI :>JlC 11 lSI < 

^JlC ClSS^jJj3 ÔjulaS r ^Jj 3J ClSLuüUO ois ÜuüJlC jIul>I <*_jL 2*J i «JL-tlU juLA^ O'JLc J3*£C*JU 

■ Loj! >julS 'jJLoJI o^3 L^33 ÜjJj 
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4 cdLuüdLuuJI cUj^ÂJI l$\ 3 ÿj^Loj 

^Suuüü AJojuüI^J 

2008-2007 


1 jJJjJOJ 

JLûü\JI <téuLJuj ^jJLc U^^jc^c « À=540nm < o^JUI cu^L>l clu^jo clo>> J^ujjJ 

^^ijuuuoJI v_sv5 g^oj . f'=25cm IpjisLuuuo L àsu^o cLjuüJlc /)Lol jc> 3 j a=4|jm 

■ ^Lajü Lajü CLajüJlsJU 

. k 4-JjJI oIS cUj^^oJI ciaüJI Ù3 SJ ^jJI lS^^j v-S^jJI ^2 _juü\JI <_9ljj*j\JI Qj$\j 0k JSjoJ — 1 

■ Z^i v_snjoùüu k vîajl> k 3 A, 3 a cJ\Jju 0k -^>3! 1 — 1 
. k=l cLüjJI oIS ci^lJU ëLasl^oJI 0 t CO3IjJI cux^i <^^>1 2 _ 1 

. ^ k=8 Lûij_xs àujj ^tu3^o tjJLc J^^l^JI 3 _ 1 

Cjujl . k—1 c l«jjJI ois c Ls2üjJl3 F 1 ^ujSjjoJI I lSjSjjo (j-jj cdL^LôJI ^isLjujloJI Xi _2 

. Xi <_jljuül>Î . Xj = f'— : «ü\Lsdl 

a 

§ju 03-0 ^Ula^LaS < ^^SuljujJI j^^vJLc y_5\jQ. lo À A1J c LljuUüJ \j 0q CU3IJJ Ô^I^J I CLu3JaJI CLojJ^JI ^JjjOU 3 

0q ^3 jS-H Ij ^-Aa 9 güJOjuül . F 1 3Ü k=4 4-ujJI oIS àuj^u ! cIslûjJI 

2 <jjjjoj 

cLojj^JI ^3^3 ùlS ISj . (lm) jjuoJI v_sv5 U-ÔJ 4.10 5 /x*oj ciSLjJj ^yiujl cÜojuu^ Cv-Sv-^ü 

£ £ 

; jc>3l i clSLjJjJI o^c l^oJôJuo Quj\^i ^\JI cuJ^kJI 

Àv=0,4|jm ^so^uü^JuJI c^ûaJI /xj ÀR=0,8|jm jjcx>-\JI s^ûaJU c LûSl3/xJI 0 k_9ljj^j\JI CU9 IJ ^jcxaS — 1 

. k=l cLüjJI lSS OLaJoU COjuUüJIj 

cJL> ^sv9 k=l 4 jJjJI lSS v-ûj^LJI j^yS>c ^üuuljujI 3 qu^IsljuuSJI A0=0r-0v <Jj>âJI — 2 

IpJ^LuUUO CLU3J \i ^LSA^jO c L Q-aSj CLjuü JlC ULoJ^OjüI 

(JS^ôJI jIsjÎ ) ciSLhôJI cl^ f'=30cm cu^l 

3 

j\àu ^Lu^bo jJjo PjlslOo cujl3-b_juuI CIAJ3J0 v>j 

»*_sv9 Lû_juü 400 C^UL-O <ta _5\JLc Ij^ 3 j cxi: t qju jJ I 

■ jJuO^JLoJI 

Ù3 JUI lS^L>\JI gls_Ajj\JI jLuuüul ôbdl Ù3SS _ 1 
CU3 IJ 1 4jJjJI lSS ^ÛjJoJI ^jJI v-SVJOÛÜU lSâJI jJ^À)\ 
. ^SuljuJlII ^^JLc v-S^JoJâjuCxJI g/) 0=13°22' ^IjJ^üSJI 

. À-j jJlæ \Jl c^JaJU cl>^joJ| J 3_b «^jljuuoI 





i_svSLJ cb-ijüjJlj c3.ua.] I oLâ)b(jl ^sl^j v_svjJI 0 LiI3JJI j&jS -k>C)\ _ 2 

. d>Ua\JI 

£ C 

lSS i 3 jJ^I ^3^JLI cOjuüuJIj cu^^xiLlI olcLo\JI olû^bijl ^ 9 ^ 00JI 0 <JH>^ü\JI UI3J />uS Jj>$\ _ 3 

. ÀB=0,436|jnn o>3jcxJI J3^> 
4 OJjJxi 

/xJaJ ctSL^juJ o^C O^o cUslOo ciOlc^L^I ^tu3-b cLojJ> V>J 

■ jjüoJl v_S ^9 Lq_jûJ 

.? 0=0 ôL>j\JI ^s3 jl&Luuü IsLo _ 1 
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Jj*l cl cIjjoj> ûbjj>3 ôjj> LpJuu <jjo oIjj> qjo 1 cLüjJI 3^ uiJcJI C^Sbu _ 2 

; qjisl^jcJI oLcUljuü\JJ cl>^joJ| J3^> y^s^si) . cI^sl^JI ôjj^JI <jjo ôcLo| 

X R = 0,615[jm , Xj - 0,589fjm , \ = 0,568/L/m 

. cLûjLuüJI oLcU2_ajü\JJ cU3a^lqJI oIclkALI c l-aSI^ joJI 0R3 0j 3 0v UI33 /y+S ^-jljuuoI 

. k=2 c u-jj <jlJo tjJLc J3 j^l^JI <jixxj ^ ^jl — 3 

1&j3^jc> 3 f'= 30 cm 0^3^! qjjÿJI L^sLuuuo ctû3J\J Oslosslo àJsLfSj cl^j^ ctSL^JuJI clj3 _ 4 

. c3^aJI jLuuüul ôb*j\J ^jIIûjo v_s^jjlujJI lSju^uJI 

I Cho CjlSjuuoJ I c3^aJI uL-b tjJLc cLjuü_XaJU cb^aJU cLjJjLJjJI JL2>3x> iJo 1 _ 4 

. «Jij-bJI V»jljuUL^>I 2 _ 4 

5 

^ü 3Ij 393 X= 528 |jm Lpju>3jo J3J0 Ù3JUI cu^L>l cuj^b *jjI clu^ûo c dû_*jjl3J ciSL^juu 

0 o=O ^3^1 
. 0 = 25 ° k =2 

■ jJÜOuJLjoJI kS^S oLû_JuûJ] ^JlC 3 ^l^ULJUjJ 1 À3 b"> v»jljuULZ >3 _ 1 

2 

.k =3 3 k=l 

6 vJ jjjü 

àJuSj cljujAT: cIj3 . Qu&ju^ Quj 3-b ôjj> qJcljuüI^j a=10 3 mm Lpj$bz> c&jljÂj 

ôb*jl gx> 3J Ibo LSju^bJI Lû^j3^jo f= 1,20m ôj3-£lII CU3JI LpJiSLuJuo CLÛ3J \J cLaxx^jo 

■ c I_juüJlsÜJ Ôj 3^I »-S3ji- J uJUoJI i*_Sv 9 c LjuüLjuü3 

ÀR= 750 mm c 3 ^oJI J 3 -b ; «,-sv-baj 

À,v= 390 mm v-so^jujlôjuJI ^3^1 J 3 _b 

. k=l cuJjJI lS 3 l o a b J | v_ *_juUO I _ 1 

c c 

k =2 3 k=l cJL> v^svS v-Sv^juülQjuJI3 <jjj3*^JU cl^ziüJI ôcLoll ol 3 JaüjJI g-^3x> JC3I _ 2 

X1R3 X2V ûjlS _ 3 
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4 ëÜLuudLuuJI cUjjdÜI ijJjLoJ £upc«£ü 

<l5yuuü <ÜSUujl^ t^JaJ JU> 

1 {JJjJOJ 

:ke Z Cjuù> K 3 a 3 X <jJ\J_v 0 k j^sü 1 _ 1 
ô = a sinO K : «Uül <is\Lsdlj (2) 3 (1) o^cU^I {JjJU jjljuüJI \J)jS ^jljuUL^Ü 

ûl L_S' ô = /rA CjûI5 N cLajLuuü| o\Jj>Ijü üLJa-gj ùIcLs-jJjJI üIjlq} 

kX 

kÂ = a sin 6 k =^> 5//? G k = — 

3 

( k— 1 ) 0i ^Lujj> 2 _ 1 

5//7 0= — = 0,135 
a 

9, = 7° 75 

K=8 cüL> 3 _ 1 


j 8 tjJLc t j^uoucxJI ,jjo o3l sin0 8 -l,O8>l <^jLJuuc*j 




Xi=3,37cm ; lS^jlc 
■ 00 I ^*3 — 3 

! ô JJLJUüJI V^3jS W_a_ajUL^Ü 

S = kA = a (sin 0 K - sin 9 0 ) 

e K =e 4 =o 

sin 0 4 - sin 9 0 + — = 5 

3 

■ n A 

sm9 0 =-4 — 

3 

e 0 = -32° 7 
























R 


2 vJJjjoj 

0 r = 18,7° oî l si sin 0 R =iU R oi>| k=l sin 0 =kÀn : qJUI <&üa}\ ^Aï> _ 1 
. 0v=9,2° ül lsI sin0 v =nÀv • ^so^uoàjuJI cl^jujuJU &^_souuJI <jjulôj 

A0=0r- 0\/ =9,5°! Jj>ôJ| cUxaS _ 2 

: <^Luuc*J jJuùlûjjJo vIILlû^ iJlJoJI \y5j£- ^Lujl> 

: lsJqDI aJüjJgJI 

ùl <jiuou ^19 6jjSL^> A0 ùl I 0 U 9 . F'rF V 3 -di uù-LJI ùl jJjo 

. râd oU^jJlj A0 3 cL-jujAsdU cuj 3 -JI ^LujuoJI vùuc> ( l=R. 0 ) F , RFV = f , -A0 ! J 3 -JL 0 k-jjjsüj 

F'F' = 30.10~ 2 9/2 ' 2 ^ = 4,8cm 

R V 18 Q 

: gjJLJI gJùJaJI 

: cuJUI «jsilsdl 

: k=l c*^> x 1R -x lv =k.f'n{A R -A v ) 


xi R -x 1V = f'n{A R -À v ) = 30.10~ 2 4.10 5 .(0,8 - 0,4).10~ 6 
x 1R -x lv =4,8cm 


3 

. Àr _>à^)\JI c^JaU cL>^oJI vLua^> _ 1 

sin6 = kXjti aveck=l etn=4.10 5 

. sine n 

A, -= 0,572um 

n 

: c^iaJI olcbbsjl i_s\jJI UjljJI >—«LjülsJ _ 2 

\sind\ < 1 : cUÜI <ü\Lsdl LjjJ 

! PJl/LuüJI ciëYlsdl ^_jljuUL>3 

\sin 6\< 1 

-1 < sind < +1 => -1 < k.Aj.n < +1 


1 

Aj.n 


<k< + 


1 

Aj.n 


— 4,370 ^ k ^ -\~4,370 \ jlc , o>»lo< 

! v_sv^ \j\$j /x*S oî lsI 

k = ±1 e=± 13°22 

k=± 2 e=± 27°54 

k=±3 6=± 43°34 

k=±4 6=± 66°23 

\ C5J2JU cIj-ijijuJIj cUç^^lqJI olclb^i olâibejl v_SvjJI 0 '-SljJsyVI /x*S — 3 

! «ijJLJI guLüJI tjJJ àsüLuJ! qJbj,j JqJI (jju-qju 















R 


-1 <sin0< +1 
1 ïk^- 1 


-l<k.A B .n<+l 


X B .n 


Â B .n 


-5,733 <k <+5,733 
k = ±l 0=± 10°04 

k=±2 0=± 20°41 

k=±3 9=±31°55 

k=±4 8=± 44°23 

k=±5 0=± 60°69 

4 

cl jSlæ cl<?JLJ| ùj^SLi usJLJIj 3 ciSLuûjJI (_sJLc c^JoJU iJuJ ollui (jjuuJ 0=0 ôbsiiVI >_s\S _ 1 

. ù^JUI 

olcls_*jj\U O UUo\JJ cüiSl^joJI UI 3 J />u3 l_ fc-juULZ%j k —1 cbj>JU c-l^jujuJU_ 2 

5//7 0 = An : 4JUI 4sVaJI «üjLjuJI 

! «üjLuJI oLcLszjuuMJ ^juuuuJL 


sin 6 R = A R n 
sinG j = Ajt 7 : 


0* = 37° 95 
Oj = J5°£7(9 


5//7 = A v n => 0 V = 34° 61 

k=2 cujJj v_sJ-c ^ — 3 

cLqjLujJI olcls-uuVJ cLuujuJIj Qj\ ci3\LszJI ô Jüî> J\L> ,jjo Jà>\Li 57/7 0 = 2An PSVlsdl 

2 c ujjj <-q.»-Io tjJLc Jç^sJI ùSjoj V oij 1 >5uojo j+é I ju 3 > M\j 3 2An > 1 s/n 0 > 1 \ LujJ 

1 _ 4 

. ÙI i_S^jljuüüoJ I ^JjO Jjyj l^jlS 4jLpj \J| [_j -0 O jL & jijuO Ôj_iJü 2 J ^Lsz^ûJI Ol 

cuLfiJ \JI i_s\3 c l _s\_*jijJI Ol Lojq = — = = —— 
^ - ■ 3 04' 04 r 


*1R-*1V 


*1R-*1V 


OA = °o => OA' = f ' 

\ <-à-JaJI (_^>>C uLu> 2_4 
: cisVLsdl 

= f , n{A R -À v ) = 30.10~ 2 .10 6 .(0,615 - 0,568).10~ 6 
= 1,41.10~ 2 m = 14,1mm 

5 

\ 3 I à$]cc>- ^LuUL> _ 1 

. - 2 A 2 A _ _ 

s/n 0 = — => a = -= 2,5.um 

a sin0 

! jJùCkjJLjoJ I v_S^ 01- 0 — *jül) I ^>JlC 

n = — = 0,4.10 6 / m = 0,4.10 3 / mm 
a 

2 

sin 0 1 = An => 0, = i2°iP : k=l 

















R 


sind 2 = 3 An => 0 2 = 39°32 : k=2 


6 

: k=l «uyjl sSi l o â lo J | _ 1 

x 1R -x lv =f'n{A R -À v ) = l,2.10 6 .(0,750 -0,390).10~ 6 
x 1R ~ x iv = 0,432m = 432mm 
\ k=l cJL> v_$\S c^JaJU ùcLd\JI oli Jo-Q-JI _ 2 

tan 0 R =^p-^>x 1R = r tan 0 R 

tan 0 1R « s/n 0 1R = kA R n 
x 1R = f'.k.A R .n = 0,90m 

\ k=l C|JL> i_S\9 i_SO«ijuULQjiJI C^JoJÜ CU>£liLll ÔcLo\JI oli iaüJI O 

= f'.k.Ay.n = 0,468m 

k=2 J qj_*jjuJL 

a^ 2/? = f'.k.A R .n = 1,80 m 

x 2V = f'.k.AR.n = 0,936m 

■ X2V S Xir I cUjLûjO _ 3 



21 / 


« X 


IR 


! >_sJjjuoJI (JJjjoJ 
: L cLjuuJisdl 4aj_ib _ 1 


C — — => f ' = — = 0,2m > 0 : 4JUI 4s\lsJI LüjJ . «LujasjJ cujuuuJU qjl «lai 
/ ' C .... j 


. 4axo<jo cüuSj «LujJlsjJI üls oJUly 

! cü^aüJI olâ>baj\U cüiSl^xxJI v_9l_>^tj\JI LjI 33 _>OjS _ 2 
old>bti\U cüiSl^joJI >_9l_pü\)l \j\$j l _sJLc 4SL»_»iJI ,_sJLc Lo^xxC :>_>} cuJ^^aJI 4jopdl ùl Loj 

: 4.JLJI 49\lsJI (JjjxLaJ LgjJLc cu^aüJI 

sin 6 = fc/in ieZ 


sin# = kxSôS.lO^xô.lCk = 0,341k 


k = 2 

k=-2 

k=l 

k=-l 

k=0 


0=43° 

#=-43° 

6=19°9 

0=-l9°9 

0=0 


4jLoMJ ctüâl^joJI lSÏ CIjuuuOXxJI CLu^jJoJI Jlû^LuJÜ ! CLjuüJlsÜJ CLjljuULjJIj CLjujLjijuJI {Z*O$J0 _ 3 

clajuj^JJ ôj^jzJI ^s^ji-juuuoJI ^juJLajüJI 0^53 ol t qj^xà}\ 

CLajüJlsJI IgJuU Loul 9 CUjl^jûO CLajüAsJI ^jdc J 3 _Xj%JI UI 3 J <JjO ® ^ 3 lj CLiljuUuJIj 

. cü3jZi3 ôsLoJ oli> cÜaüJ uS'-b&jJ ôj 3 jzJI lSj 3 jJI kS 3 jLjuüjoJI <jjo oJolsü gxxj*jüJ 

! 0=0 ôb%j\JI ^3 ÔJlû^LujuoJI 1 _ 4 












R 


JS 0L9 v_sJLJIj 3 . À 3 n cjùIS Lo <*jlS k =0 oî v_st kÀn =0 lsÎ sin0=O 03SJ 0=0 ôL*j\JI ^_ s 3 
Iâû> <jX: gûuu3 S^03xxJI ^hulqj v_sv 9 ôslz>| v,Si> v_svbaj ^3-bJI '-ûj-b <jjo Û3JUI sS^b>l 

. \jÂjJ I ^JOÎ) LSI ^AjjI C 3 -ÎO ÔJlQ} <^_jSIjJ 



: k= 1 clü^JI lSS v^jJoJI 2 _ 4 

k=l 4-JjJI tSi> ^ûjJaJU cLljuulJIj 

Sin0=Àn 

A R <A<A V 
nA R < sin 6 < nA v 
0,234 < sin 0 <0,45 
13,5° <0<26,7° 

AX=Xr-X v ^ûjJoJI \jÀd^ vLuuo 

x R =f'tan0 R 

x v = / ' tan6»„ : JA_aJI 

Ax = f'(tanO R -tan# v ) 


Ax=5,3cm 


















uSNéCI&jûj^II uAdLuJI 

Décrissance radioactive 


ü ) 6 jjJ\ - I 

ÔjJÜI g^JOJ — 1 

. ôjjC>\JI ôJlû^ j3-Xj ob3jjiSJ(3 0I3J <jjo ôjjJI ü$Suu 

. (n) cj\j2jj£jJ\$ (p) oÜ3j3jjJI nucléon ob3jJb ^svjoouuü <jjo 0I3JJI 03^0 

. ùjjJ\ 0I3J oLu^b^ — 2 

. ^ X >Æ>Jb ^ v-5VJbjOyS jjÆÙSz] ôji> 0I3J ^JjiuOJ 

^5\J LuCXjSJ I jj^üSl} I JjOj ! X 
. cdLSJI A3 cj\j$j$jjJ\ :>ac : Z 
. N=A-Z 3^ cj\j$jj£jJ\ :>ac 
J3ISJI 0I3-J oU3jj3jJI ^a^3 oÜ3j3 > JI :>ac ! Jbuo 

nudéides 0IJU3JI _ 3 

. OÜ3jJ3jJI ij-og <jjo <jui^o ^juoûu US3JI <jjo éLc^jocsjo ^svJLc ÔAJ3-JI /XjuüI ^_9JLIcij àjjjJ\ cbjjLflJI v_S ^3 

. I ûbAj3J U 6 C J X gC \buO . A 3 Z slIcLcb ÔJu^j iJïjSZj 

àjjj\JouJ\ _ 4 

ob3jJ3jJI AC CAp* <jjo ^âlxiÜ3 ob3J3jjJI ^AC <jdUL&j ^sJLc 0IAJ3J é jjÜÔjJI 

. J3ISJI isd 33 C£ 3 33 : JLiuo 

0j cLA^A^kJI ÔJL93JI 'J&jsi) t Lo jjlbü jjjo ügSju m cuJLS ^sv^^a-Jo JojJL^J cu-AjuuJb ! cua^kJI o^lS^JI • 

. CU3JL0JI cLjLJuuuJb IgAC >sS 2 J 3 < m = : a9\IsJL JoJbeJI lÀà ^ rrij cuJLS i _>JàJ 

. 99,276 : 2 9 3 2 8 t/ , 0,718 : f 2 U . 0 , 006 % : 23 2 4 £/ : ^l jS \iJ MAJl 6jl%JI : JUo 

0O35JI ôilftJI A 3 US — 5 

; c(3 \Jbdl ^333 A ciJLSJI 5 Jszj ^ls&j r L^xLszAu cu^Sj 0I3J cl>AjoJ <jSjou cul CU33JJI vjb^jJI <juuJ 

■ Ê,b2Au ^0 = 1 , 2.10 15 m ûl caa> r = r 0 A 1/3 

mA 

p= — 

— 7lr 

3 

oî vjvlc Jaj Lojo p ~ 2 A 0 11 kg / m 3 : cl^^jûJI cOjoj«J| qJLSJl 03SJ rn=l, 67.10 27 kg : 0I3JJJ caujjlJI cbLSJI 

. 03 U 1 J 1 ûJUJUuJ QjQQjJI coLoJI 3I 0I3JI 

aJüJI — II 

: ^snjüÜ 3 \jûj 

^jjio ^s^cb^AJ\JI JoLa^aJI Hernie Becguerel Jj^SLu v_s'jbjj<jîJI /xJLsdl ^Ajujü^I p 1986 qûljuj ^s 3 

cisAj\J C^bol ijêU'jSilJ viJJi>3 villjjl < 2 aLijü 5 \JI cLuA^JI X QSLjjj\ ^sJLc ^joJLc vl»b^jb P$su. ûl 5 LoAa> ëlSAzJI 

{jÇ^SZtÆÿS i {JjJüO^juüJ CLS2_juj\J ^\bo\JI ÔAâi \jÆüjS& CIjJLc jÂSZj 3 1 LojLc L03J OiS p 1896 26 c ^jjüUOAüJ I 

. pJSLO$ ^3_jujI iSLuCXjuü k 3 jS O^ Ô3juoSjO ^uslgulâ^ gp QujSjQ 

/)AC p£-J I ÔjjLuO Ipjl jjuS jlp-jb CUSl^C3J3ÀJI gulftjzJI ^UjOC^iU Jj^SjJ /)ls CIAjuuJI < jJULQj QJO < JJUjLo J3I V_S^3 

. ^j.juuooJjJI cu2Aj\JJ IfcjàjSÜ 
. Qu 3 \jS^^j^B gulâ^ ^SvJLc 
Lo cuj>3J3 uSj3S jjju ûLubj^âJI 1^\J SUS A szj ûbAjuu3 

. JjjSaJ L^Û_ÂJüS 

^I3joJI fjjo cLi^juoJI cls2Aj\J| ^ûjAzij 3 ^_5\JI 0^1 uSjj>I ujbtjl ^\Lbû\J ^jujLjuu^II ù3-la.>JI oIsIajüS\JI ôÂoi CjûIS 

ûbjjJbü\JI OloJUdl QJO />3 jûIj3\)I CH 0 ^2Au\JI ^sblc pj Ojup> t cisAuuoJI 


3m 

4^"r n 3 


! 0 I 3 JJU ^jjoc^iJI ciJLSJU c^juUjSLjJ I cLoj-qJI gbAOuül qSuoj 




















R 


cU^lajoJlj oU*jJ\)I I-L& o-£* , a cIs_aJjI I." 1 1 t\ lll ^ J àjj LuoJI /î^JL^JI (jbC ÔjLlC Ipjl Liuuuo é lS 2 >^_juj »iJjjjJu ^9 

238t 7 v 234^/ . 4 t_t 

92 [/ —> 90 77 z + 2 He 

OlaOl ÿX ÔjLlC _9-ûi3 ■ P ^ Ls2_juIj\JI 3-0^3 CU33JJI oLcLs2juj\JI <JjO jJ>I £3^ ^sOLc Jj^)jSj k 3 jSL) /> 1900 CIjljuU 

23 9 Jr/i —> 2 g^Pu+ _^e ! cuJUI cJ^U^I ,333 Th />3Jj3_laJI <*S 3 j <jjo _^e oli3jjiSJ| 

. àuJjjQ jj±. cl H uul^L^ 3^5 oL>3jo 3C ôjLc ^5^3 Y ^>3 j\L 9 J3J v_sv-j»Jüü>fiJ I /dbdl JjjI dJUS -Xs^3 


T nm 3I |jm L^jl>3jo J9_b jjs <iuüj lo ^ X cis_jJj\JI àsuA* v-s^ Lo _ 1 
nm lgJL>3jo Ü3-b jJ 3 QuJj . cuJjo oLcUljJjJ v_sv^ X oLcU2-aJj\JI Qsu+h 

0,001 nm < A< 10 nm 

S* 4 jU^)J 0 <*SLjjj\ Ol SLÛ JQQjJjO^}\ C \Lol ol JjjSuU OlOjüSl oOS _ 2 

ciS2_*Jjlj OjjU gylâ^xll ol cj ^jbjuü Jls^3 ^U 9 I>C 3 j 33 gulo^ gx> Jj>h />3 jûIj 3\JI £\Lol c ^Jo3 _Ll£ 

. CLu^>J0 jjlC sSl X ^LS2 _juu\JIj 

3 

. qàjLzJU ^ 9 LijüS\JI Iâû> olS jlûJ 

^IS-JuJUO CO Lo OLajüiSJI qSuOJ OLaS v_S^^Is2_juü\JI JoLjuULjJI 3-^ lo _ 4 

oLcLs2_juüJ OlsiOl dJJi>3 «*SjJ>l 0I3J ^jdj ôjÜjOjUUO JJJ-C lSI CIS^juJUO 0I32J v_sdl&Jj v^SVSjuiJo J3^0 3^ v_5^ls2-JuJVI - 1 ^LaJuoJI 

■ qJajLjjjü 

cLs^jujuo Colo 3C ^û-jujlSJI <jSjoj 

. />1898 c lljuj ^3_)l> ^_5vJ! Lo^JLc Oï^^dl v_soJ I qo^-jujuoJ I Qjul3-dl jSSl 5 

2 9 3 2 8 [/ x^l^ls 2 ^ 

. l^JLSlAjLb ^_)L>3 ^^ûJI v_Sv 9 ôI3JI CU33JI oLcLsLjJjVI £l^jl jSSl — 6 

ob>3X) ôjLc y 01/3^^531 oUijjl ôjLc 0^3 P ^UlaJj^I^ 2^^ ^Stdj^JI v_s^3 ^2 _JjI 

.. ^LJuJu^bLâjo3j^S 

oohU^ 33 cuOiijJjJI ^JlC 3 cdLSJI ^JlC qjo JS Iblâ^ol qjo 3Ü^O 

. JoLuüüJI sJUjSÜ — 1 

0I3J C U\L> J3^iju £ oÆj-H v_s ^3 ^jJüjjo j +£-3 £ Si33j ^JL^ijOjjlj dJU_xS ^jo^juju v_5dlaJj3 v-S^Is-aJj^JI JdLujuJI 

. ci3lb J3I ôjUj cJL> 3JJ 3I ÔJJ3JU0 0I3JJ 3 j0ouuü y-Sy >I 0I3J 3JJ JuZj\)l 0I3J 3 j0v^uuü ô^JijOjuuo 
■ PJgÜUÛÜU ülclfijûjü CÜLSLyuoJI ^jlsjj^ JdLaaJLâJI ^Aclfijüjj 6l<p 3I ^g jUÜU oJ I OI^âJO ÔjiLuJUoJI JJL& 0I3-JI 3JO0UUÜ3 

. (N f Z) JsdaÂo £ ^SjÂjuuü JaJa^jo - 2 

2 1 SUÜÜ 3 JI bLuüüJI 

O^ 4 ju 3 b> ^39 ^3^>3 j 0I3-JI vSLujLoJ j-ujJu 

< 3jOouUÜ 3 l-0>* ÔjjlaS ÔJuuü <J>3_qJ I ÔJl^J . 0U3JI 
jjuîSj j-^SI o^^ 3 ■ ^33^1 c UJuuJI oIjjüUI ^33 
v^boJI «-S339 ^L*SLjuü^^SJI ^juuuJI oIjjuLJI ^jo 
^ 03 ô^üOuuuo «33JI Ol J 3 &zj Lo Ijlû^ 3 v_sÿ3SJI 
LuLûJb J3^ljij lSI Ô^JjjLJuUUO jjlC oI_Xj 3J JL>3J dJJ 3 
. oLcUlaJjJ Jlsl; I ^33 od! 

S" 0I3J jljJÎjOuülj 3-O0JI qSjoj OaS 
^Jl JüJlîO qS^ JûJûitjo c lLla^j I3J 

0I3J JS JjuOJ 0 juO> £ CLSLjJjüoJI v_S3jJ I3 ÔjÜOuuuoJI 



N= 4 

L —Z OIj3>j>ÜI 

jj-c N 





11 









19 o 

10 








17 n 

«0 

9 








16 n 

17 0 

S 







14 c 

15 n 

16 0 
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13 ( i 

14 n 

15 0 
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10 Be 

n B 

12 c 

13 n 
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®Li 

9 Be 

io B 

u c 
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6 He 

7 Li 
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6 Li 
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JL 
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1 

n 

2 h 

3 He 


A x 


ÜjJtjJj. 

ldJI wjijJ 

1 
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Ù jJSJ— ujjdJ 1 jJl£. 
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N CLÜJI3 0I3JJI OÜ3JJJ ^JlC Z ^ 3^^131 jjSIÆ Sr!>°J 

lSÂJI JUïjoJI l _ 5 \j 0 ^juUU 3 . 0 I 3 -JI oli 3 jJ 3 j 2 ) JlC 

djjo^dl ols^^oJI ) ôj. i2_ji_JuUUOv Jl ô3dl 3 JLC sS3ij*j 

33-dl JS qjo <^ob*J3 jljüjLjuj\JI cülIûjuOsj ( 

. Ô^JLLjuüüoJ I 

: jl 
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. N 3 Z 3 A <juu ci3\isdl _Lcl3 t £ X JjJuojJI v_sv9 Z 3 A <J*j^dl U3JJUCXJ _ 1 


A 

Z 


ül güuuLjuül3 S* I ÔJlû^ JjuOÛU ISLcV .( CLâjyÂitJI LS3-JI ) Z<20 J CLljuülJIj ô jJLÜuüjoJ I ^3jJI _ 2 


. I UjÂj 2 LS 3 LuUÜ 

. ^JlC l^Luuu OÜ3JJ-JI ^JlC ül Ü3SU jjjoûu N=Z /XjlÎïüuuuoJ I <jjo cLu>9 Jc> 3 j ôjJiji-juuuoJI O IJÜÿJI 

. Lu>üj A=2Z : cuJUI <=l9\LsüI A qJLSJI <^ 9 -a ^3 
T dJb>Lüuüuül 3^ Lo LS3JJI ÔJlû> JjjOÜU I^Loj T N = Z /JulÎÎÜuUUoJU CLiljuULjJIj US3JJI ôÂû* JL> 3 J <JjI Z>20 J CLljuULjJIj _ 3 

0IJ3JJ3JI ^>JlC üb V-S3JJI ôÂûi jjjOsju3 Z=N <U.blax>JI /XjJLüuuuoJI \Jj$S cüjJoJuo Ü$Sj Z>20 J cUljuulJIj 

^>-1^1 ob3^J3jJI ÏJlC ül5 l3j \J| ül <j5uOJ \J cJb^JI ôÂûi V_sv3 0I3JJI j\jÂjljuü\ ül gjüuüjüj . ^JlC <JjO jjS\ 

. oli 3 J 3 j-JI <jjo 

c a 

S Z>70 U c ü-j^-*-Jb lSÎ ô^jlüuuuoJI ciLüJI US 3 JJU ^ljuüuJIj — ^jljuuuJI Qju/X) 'JlS _4 

A 

. cUjJijJI lSc^JU clljuojJU — — 2,5 

7 j 

L_cls_A ^iJcLljuUU ^ Ô^JLjüuUUO v__SV-^^ 56^^ 0 I 3 JI _ 5 

1 56 B CL 3 1^5 <2 J CLiljuULjJIj JI^juJI <jdUL&j 


. ôjüüuuuo v_sv^-9 , jI>üüuj\JI clqJojuo v_sv3 «-S 3 JI ô_Slû> A> 3 j 1 5 3 6 1 Z?Æ 3 ^Ba 3 ^Ba 

JoJoiüjoJI <jjo JL*jo lSI ■ Ü 3J3JJ ^jJJ 0I3 J Jj>I^ Ü 3JJ3 J CjûLqJu t v_s^LûJb LS33J J3^ü J\Jj >3 t o\Jb*JI \jôo<j _ 6 

J3 j*aJI lÂpJ gJaiü v_sva)I <-S 3 jJI ÔÀ& Jl> 3 j 
. ob3J3 ^>-JI ^JlC <jjO jjS\ ^A^3 ôjJijüjLjuoJI <*53 jJU ^jyLJuuuJb J3 ^aJI Ijlû> J ^o<j 

: c udîüL> 

^Jlc ùl s?l Z=N cÜ^LajoJI i pgüUjuüuoJI gjo OjuUajuoJI Z<20 J ^uuuüJU : j\ jSüm) U1 ^aJsuuo 

. ïXSii 3 LaaàJO OÜ^J^jjJI 

N = Z jQg üUju ULoJ I OjÜgÙüO gjiiOgJDüJ Z>20 Ü ^juuüLâJÜ 

. OÜ^j^jjJI JJLC ^jjo >*51 OÜ^jj^jJI ^JLC cÜbJI 0Â£> ^S\3 

! OjJUuuüUoJ I jjlC CS 3JI 
: oill> cJMj üJU-û> 

■ ^IjjijuuüDI aiLbjüo v3£3 jl >!$j I oI^jJI 9 

ÜJLâC Ù^iLi <UbJI ôJLû> \S3 OÜ^jjjJI J>JLC ÿjo jjii OÜ3 jj 3 jJI iJLC. 
IJl£> OL>Lâu3 OÜ3JJ3J ^Jj 0Ü3J>JI Ü3^uu vüuc^ OjJIaJü CU 33J oJbuuuül 
0I3J c^JLc. Cjui^ /3~ iJ^ASà ijsiouuuü oÜ 3 >l 2 J! vJIsjuI Ü 3 ^ jJI 

■ jIjÂajujDI Jbuo iJjo ujjü) ^S\jJl3 z f 1 Y OJJ3JUO 

■ ^IjkÂjuuü^ll ^ÜÜflüüD UAj X>$J z X JéJ Jl 6I3ÂJI • 

ùl IfSl OÜ3JJ3 JI §JD CÜjIaa OÜ 3 JjjJI iJJO ^JLC ^5 sJLC Jy^ I 0I3J >d3Jü 
CJIaùI gjo OÜ3JJ3J ijJJ 0Ü3J jjJ\ Ü3^uu Cjui^ ÔjJÜÜj CU 33) ^Übttjuujl ùlLâ> 

^SNjJl3 z ^y JJ3JÜ0 0I3J Jy^L>J ÙajC^ y^ + |JVJX*AJÜOÜ 3JJJ3J 

■ ^IjkÂjuuüllI ^ftJsüüO csJI U^JÜU 
|JL> ùU4 ( N,Z) cULüuJI CS 3JI cUl^ • 
2^C fi£jJuçfy}\ LS3 J ^JlCÜ üüÀjü ^I jÂjljjJ I OjÜSüuO |JJO UjJiÀ JvU A>170 

. Z J^ OJJ3JÜ0 6I3J ^5slc Jy^L>J3 . a i^jldJÜÜ i^dOuuUÜ 

O3JSL1 LoJülC JôoMj IJl £>3 y QjuuüuJdLâaj^jo oLcI&juj{ vJIauI o^) 3^ jJI IJlq> wjoL^u uLl> I tyjJlc %s3 

. 9lbJI <JJD Ô,>33 v^vJLc > 93 jÜ Cjul> OjLüo aJl^ ^5\3 UJL^>\II 0I3JI 
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Z Z +1 
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Is-uJVI ^JsuiuiU <V35 jJI o JàlàaJ Jl ^juI^S _ III 

■ a,p;y 

. O^jlfiJ CÜ 33 j cAbl&oj qJa.».ijü\)l cL>juoJ (jiuoj 

JUiSo Z Qjj\jj$£1\ 4à%mJI ioÀsdJ iSs&j «J $sü JU» : ù^ilüJI yjoJ 

■ A OÜ£jJJ isJL&?rjl ^JLaJI 

a vSnxIsjùüVI JoLujüJI abl&o — 1 

z A X->£K+ 2 4 /fc 

2 9 3 2 8 t/ -> 2 90 ^+ 2 He 

. Ü^jlij ,_$ÛJejU J<p«jJI ljLd> J\l> <ol Jà>\b 

P LSvflaMi^ll JaLmjuJI cUiLao _ 2 

z* z?i Y +-i e 

™Co^>f s Th+ Xe 

■ [1 bLuüuJI cJ^Iaa _ 3 

-> z-i Y ++i e 

%Ne^ l lF+°e 


‘ P + 3 P 3 a, 


YoLcUljuüJ CjlS 2 jU 


Y vjvclsjûj^ll JdLaajuJI cü^Iaa — 4 

y e.Ls2_ J jj\Ji 

dJJi >3 c 0 ÜaJI Jloâj IfjjUI ûIjlq_ôJ 3 ôjÜI cJL> v_sv3 ôjJ 3 ^joJI 0 I 3 JI Ü 3 & cLuc> 

! v_sJbJI <- _$\JLc v^jÛîSlJ y Ls2_aJü\JI ^l)^Ls2jO 

a z Y* ^ A z Y + y 

« N ^« 0 *+°e 


l lo*^ l lo+r 


ôjüuo cJL> ^3 6 jJ$Jjo 0I3J ! gO* 

. CLawJUÜ LjuJ \J I Lg_jJl> 4.5^3 ÔAJ3-AJO 0I3J g O 

. CISjuJUdJI aLoyO-gJI — 5 

0I3J ^sJJ Ü3^lju lû^Jü IgjlS £ Ô^ÜjLJUiJUO ÔjjJ>\JI ôÂû> CjuIS Isj , 0I3J ^jJj Ô^ÀjüuUUO jjlC CIjJL^I 0I3J Ü3^ju 
clJL^^I 0I3-JI (JjulÔj cl^jLJI v_S^jJI pQ jCXJ^uo v_$vjcxjuuü . 3 jLjujuo jjlC 3 ôjJjji-juuuo 0I3J ^jvJLc JuZX^fcj ül ^jj| l_viû^3 £ 

famille radioactive / cdL^.9 

! âJLII WS3JJI <JJ0 jJL 5 üjU CLlSjulIo CLSLjuJUO Jjlza3 fL)j\ JL>3J 

232 rrij 237 at 235 j j 23 Sjt 
90 * h* 93 N Pi 92U, 92 

: 238 <UjyAd JUo 



























yAdUJI — VI 
JoLmjüJU cluI^ôjlaJI — 1 

jjuSÜ <j^uoj \)$ CjÛLÔjJI L ^j 3 CjAjzj v_s^jJI cJcLàJJL 5-siûJI \J i\ t LuLûJj CjAjzj clJI^^ujlC ô^Lb v-S^I^Ljuj^JI JoLuuuJI 

. Ô^û^llôjl ÔJLûi oLyZ 5 Ü> 

3 üw ^ jJI bLuùüJI 

cÜÔ^J <* 3^9 ôl^jj i^JV^IsZ-jujI JoLuJÜ Cj^AJZJ ^JuûJI jJ^uOJ \J Qj\ dJJ^ £ <JjOjJI V-S^ C UlûJ>0 jjl& CLuI^^uJlC Ô^ûillô ôl^j CjJJÜ 

. At QJuSLO CLuuO j ÔJuo J\Jj> <^333 JLoJLj>I àSjSLO cul . CLU^O 

Ci^SOÛûJI (JjULQJ 

\ 

. p — — 3_o>3 (6) cu>3ÜI ^3^Jb JLou^>l c0^jo JoüS <j^uoj Jj £ ^Luo 

6 


oLojJI 3 _X_C JuJLîUu dJJ^3 v_S^is_Juj\JI ^^LJI Û3jls ^35^ ^SVjiJ^juO ^sOLc J3*^Jl3 £ V>jU CISIjuJUO 0I3J cÜjLosJO jJ^uOJ 

(6) Qs>$}\ [&j3 Ôj v-SuJI 

JÙjJI v_S^JOj oISL^jO /U^J JIo^jLajUI [J&jà Jl 

JjjOJ ^-Xsdl IjlP -9 (6) cu>3ÜI L^S j^Jôj v_suJI objjJI 2 >Jl£ LJ Jj^ijuüjl 9 w _5\J3\il cUjOjJL />3Üj ■ No =100 objjJI ^JlC CLuuu 
CjlIÂj O3JU cUjLiüuoJI «33JI Ni JlsÜI ^^OLc No CH 0 l-Lû^ Jjjj LiJs^l SjLJI J\L> cUiÂjoJI v_S3jJI ^JlC 

CUJÜJI J\Jj> cLülQjoJI «*S3jJI ^Asdl Ij-ûi JJîxxj . (6) CL>3ÜI L^-fcS j Ç Jôj »^_svjJ I ol^jjJI ^JlC LJ Jj^ljuuuS cujLJI CLuOjJlj />3-ûj ■ 

3JI Ni JlsÜ I <juu qjo N2 ^Asdl Jjjj . CUJI3J0JI 
! v-sJLJI J3_Xj%JI i^S^B guLüJI O3JÛ . ClSb^joJI JQJjJ cJq-juJ I3J CUJjO^JI <jdULQj -XjlSU 
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t(s) 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

J>JlC 

objJI 

^1 

>^lb 

1^*5 

(6) 






















^ JlC 

ob>JI 

ÜjÜuoJI 

eu 

100 

85 

73 

61 

54 

42 

38 

35 

27 

24 

21 

19 

14 

14 

11 

10 

8 

6 

5 

4 

4 


. QjOjJI cU\Jju eUJijûuoJI oh>JI 2 >JlC N(t) ^vjl^juoJI JjuO _ 1 

. i_£U£LiJI jjO^C ti /2 v_ 5 ^J&-a-*JÜ . '^QjZXâJ! ^sJJ ^*JL*jüoJI oLjJI 2 >JlC lgJ\L> ^^JLqj v_S^-jJI tl /2 ôJuoJI _ 2 

( ) oUo^æJI gJlszj /ûj-> k t s 3 àjjjzüJ\ guLu Jj>^I _ 3 


S* l 3 lo . In 2 &o L^jjls3 1/7 clljuuuJI 

T 


I _ 4 


L$^lsjüjJI gâSLJI ùjjld _ 2 

lSÎ t cdôjsJUI ^_s3 eL<jL|ijUxJ I uS^JI ^JlC N(t) ■ t=0 cdôjsJUI ^_s3 cULjujuoJI <jjo No lSqâszü c Uuj-C jjûlSj _ 

. J <SZJ CjÛLQJJ ^oJ ^SV-J I 

cuiÀijoJI ot lsI . dN(t)<0 o3| ^Lu N(t) Lcv f + df cda^JUI ^ cuiL^I ^Jl N(0 + d2V(0 

N(t)-{N(t) + dN(t)] = -dN(t) t+dt3 t o-^JUI o* 

dt 3 cUliæJI i_$v> 9 cLkÀAjuoJI 1-S3 JI JlC N(t) £x> Lûu “ dN(t) cUiàïjoJI 1S3 -JI JlC ol cLâj-SsJ q^jLa^VI c '— 

«UjuojJI ôJuoJI 
: ci9\ifiJlj Lybbj Iju3> ij-C _ >+ sj 3 


-ÆV(0 = ÀN(t).dt : 


<flV(p 

W(f) 


= —A dt 



oJUI JijuuJI ^^JLc ».-jui5>j LpJb> (Jjo 4jJLolàj 4J:>lao i_s^>3 

: ôJjJI Jpg^l K âiibJI N(t) = Ke~ Xt 

N(t=0)=N 0 =K 


A ojl>3 0 I 9 v_yJL aJU 3 


w= r 


ol v_sl cd ASL) \J /if cIj^JI 


v lj y 

s " 1 vJM& 

^sLJI O3 JUJ OsljJjuo cUjiX v_^ N(t) «33Jl ^JlC 

: ôuc> « (f) = N 0 e~ Àt : v^UI 

j-*jOJ v_s\jî >3 ■ OjLfijJI eijub 3Ï v_S^-£I JoUuJI eUub ^ 

. t=0 clIcl^JLII v_svS «-S3 JI ^jlc No 3 culjJjuoJI 0JU3JI àsuA? 

uLdflüJI jJXC — (JJOjJI ^jJÜ — 3 

X v>o>JI CUJÜ — I 

ClSLjJjUO ÔJU3J JjJOoO <JjOJ Ô>S 2 J <JjO A v_S^Ls 2 -juj\JI JoLuJuJI Cüub <J^uOJ 

T = — ! cLS\tsdU ô^S2J3 X Lû^JjOj <jjojJI °ob ^svjo^juüu i <0^° 

X 

( ÔjLII ) S X ÔJl >3 . cLsLjujuoJI ÔJÜ 3 JI cLSjuJo JjjoJ X 

: S5JU15 v-S^cIs-aJjVI Û3jl9 
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N(t) = N 0 e~ Àt = N 0 e~ T 

: cuxjjïJI N(t) Â>L t=T julc 

N (t) = N 0 e~ l => N (t) = 0,37 N 0 

. 63% cljljuuuj No ^LuJuJI ^3 blziiij Jjlxxj Lo 3^3 

■ t=T Ajl£ JuIuZ5L9\JI j 3 ^J 0 gJÎJ t=0 cd^JUI AjlC v_SV-AJj\JI vJvJl^JuoJU <jjuIouoJI ül ^J! ôjLjj\JI 

■ ClfijuJUD ÔJÜjjJ tl/2 VÂiâJI jJXC- _ U 

. c LulC V-S 3 J ^JlC LJLuOj CjÛLÔjJ CU)j\LII c L*JuO jJ i ÔJuoJI 1 1/2 jjCX-C v> ^\jOs_ajüJ 

oî ssî N(t 1/2 ) = ^- LüjJ t = t i/2 


N 0 e~ Zt ' 12 = ^ 

0 2 


—A-h / 


Ln(e~ À, ' l2 ) = -Ln2. 
Lnl 


2 


h/2 


À 


= rL ^2 


ti/2=4,5.10 9 ans3^ Lû^^jxc 238 />3jJ|j 3\JI 0JU3J : Jbuo 
5600ans 3 ^ I&jjcxx: 14 û 3^SJI 0JU3J 
30ans ^â^uJI Lû^^jo^c 137 àjj$j 

3.10 7 s Lû^^jo^c 212 0JU3 

activité radioactive ciajôjud àj^c. «bLùüü _ 4 

uüjAi — I 

: ùjju&j . <jjojJI ôjl >3 v_sv3 cuiàjoJI ^ 3 JI ^jlc 3^ c^jjjuoJI »^S3jJI qjo N(t) ^jOLc sS 3 a?*j a(t) cialc -bLujü 

- dN(t ) 


a (0 = - 




(Bq) Jjjiu v_s^ a(t) ôjl >3 
. clûUI v_sv3 IJ0I3 Lülûj Jjuosj lBq 

-ÆV(0 = ÂN(t)dt => fl(0 = = 2yv(0 ôâUsül ^>0 

: A^(0 = Àt ciS\lsdl v_sv3 N(t) vÂjssïj 

a 0 = ûl vâlx^j a(0 = ÂN 0 e~ Àt => a(t) = a 0 e~ Àt 

Geigre ^Iac \Luo . oWac <&uuj\$j v_sv-c^Ls 2 _jJu\JI -bLijuJI <jjuUj 

CISjuUÜO jïLaq Jd LajüüJ CÜJüoI — W 

7000Bq <^bLjjü 70kg qjlLS Jj>j 

lOBq CL^LuJU ^jASLO cio <JjO jjJ 

lOOBq cüoLujü dJLoouuJI qjo 1kg 
2.10 12 Bq v_sv^Uljuj\JI ^JoLujü /)3 jû 3 j 3JLJI { jjq 1kg 

. 10 Bq v_sv-^L s 2 _jiJ 0 \JI c ÜoLjuju 0 -ajüuo jA uOjO 

■b L uu uJ U gu^UI — V 

j 3 i*^Jl 3 obj^JI jlo^cl JuJc^jJ cLàJLiifcjO oLjlûj jb\JI 5 L 0 JLC 3 Û 3 jpr 3 J 3 jC%J I Jjo^juuu 

. (^_s\_d Ls 2 _aJo \JI JoLjujuJI jjojsu ^aJI 

tjjojJI j 3 jjO gjo Lû^ 2 >JlC CAjJ> cULjJuuo oIjl» 3 J ^jOLc oU^â^J^ j 3 >^JI lS 3A>J 

. CLlSZ^jjO c UjlC JoLuJÜ 

^SLÆü ol3 0IJU3 J JuoAsj JLo^jLjuüI Lp-^jb ^IjjoJI cLuksdl Jjy£. ûl5 LoJS 

14 éu/UI _ 1 
















b ^LJjuJI v_svx:L s 2 _j*JjI 31^3 14 O 3 JJÜI 3 jâj^kjjjo 3^3 12 û 3 jjÜI £ ^jOLc LajjLujI > 93 ^ ol /xlsj 

V^LuOu^ ^JuSjJ J5 V_sv9 ôjl^JI ÔJLgJ JL>3J <ÔuC> (0,0001%) Cüjl93 UuuuUU cJj-LuO oLcxlj ^3^3 j0 

. CLljuOjJI ÔJlû^ vjOLc V-^jOfcJ OÿJjSJ I JÜ-JUU 1 S 3 I V-SVjO \buO . Û 3 JjÜI ^jdc 
CÜUI cJ^laoJI ^393 CUJ 3 SJI cLs 2 _aJu\JI ob 3 jJ 3 j gjo 03 j\JI iS$j JxlôJ cOfcjJu 3 _û> Jl Ijlû> ^ 3^3 

^N+ln^^C+lH 

S 14 û3jj5JIj £mjLJI >oûu ^âj«^ 
. <jjooJI j 9 >° &° 4jub gLoàJI v_s^9 14 û 3 jjÜI clljuuü cujuj40000 J\Jj> cul ^/Djisü 
ôÜl& Ol lSI £ cU_XàjJI 2 v î 5 vJ 3 -^JI ^ju^jjJI jjjülÔJûJI J\L> <jjo 3 <tJI &o V$jj5J\ J^Lûu ^Lj^ïiJI oLullJI gjjOJ> ol dJU_X$ ^oJLszj 

^393 14 V£Jj$J\ L_S3-> OjÛÎ-QJ 1_juljuüU CO-JuUuJ I ôJüî> ^Zll9 LuU JÛ-C 3 ■ C U-^*JI oLlulSJI **_S\3 JL>3J 4juliJI CO-juUuJI 

14 C -> 14 7V+ _> : cuJUI qJ^U^xJI 

d(j^) — CLq€ ! v_s^^l«S 2 _jüj\JI ^i9LJI O 3 JI 9 ^ 3 *_Jaju 3 


A = 


Ln 2 


*1/2 


Uu J>J ti /2 — 5600ans ol lois 


a (0 = a 0 e 
ait) 


-A, a(t) _ Àt 

~^> -= e 

a n 


Ln 




, 1 a (0 

= —At ^ t = - Ln - 

A a n 


t l/2 Ln a(f)_ 


ln 2 

( \ljuO lg ) c L*-*-C QjO 433 >^jO ClJLiiSJ 9(t) JoLjuJU ^jjüLûJ 

. CUJl^ ÔJlQ^IjLu CIÂj^C QjO ^JLiSül ^jjULAjJ 3o -1^L_ajULjJ I jjJülûJ 

Ijlq ^3 . c LOuj 40000 qjo jJ-SÎ Lû^^jcxc oLixsJ < ^juüjJIj ]oâb t 14 ^u^LJI t cuu^JcJI ô juï) Jjo^jljuuu ! 

. Lp-bLjjü <jjuLl9 ^3 14 Û 3 j^SJI <jjo ciJLLb ctuOsS uS^-C I^joX J 3 _b\JI olu^JI O 3 SJ gprlj 

iS— 2 

. lo_\3 jj^l oLulC Qjj\j \J~o <j^uoJ 3 . I_)L> jju& Lp_âjZij ^>jo^C cIsLjujuo ol_)u 3 j 1^9 Jjo^iljuüj gyjLJU <3>lo A> 3 j 

jjiiûJI Iâü JLo^OuüI 3 l_L> jjuS QJlæü jxy£. û\J . 238 /> 3 jjlj 3 \JI Jjo^-juuu £ j3^zJI5 I_)l> QjzjJS oL^C £MjLJ £ \buo 
■ ti /2 = 4,468.10 9 ans jj^u Jl Ijl^ > 0^3 ^ouu jLJLo 4,55 v r sJl 3 ^> 3^3 clooj\JI ô^ÜI jjcxc jjaüj o ^ 0 

JlS^JD (JjO O JC I 6 JL>l 3 J>\ L^jJU5 jDûtfl J I ÿJO ^juA) IajuJIII JdLaaJùJI jjjIa 9 c^Joeî ! vJNAjuJsu iJJjJOJ 

■ a(t)=4 f 0.10 2 Bq ^LoujüI c ^Ul Jjl9 Lo ^Jj g>>^ ,;U 
j^bJI CaS^JI ^>p- 3 jcJI fiMÜ\ «jjo />l>c .bLJuü ùl LoJLc « gu^UI JjlS Lo jlS^joJI jjox. vjuuul^I 

a 0 =0,23Bq 

ti/2=5600ans 5 ^ 14 vâ«aJI jjx& 

: wl<^JI 

; 3 ^ J 33 J 0 JI jjoX 
di^t^) — d^C \ v_S^^I-S2_jûj\JI ^i 9 LJI 03^19 L _C)u lo A J9 

An? 

A = ^ LjjJ ti/2=5600ans ol LoJ^ 

h/ 2 




















R 


/-At _. ^(0 -A* 

a (Y) = =>-= £ 

Ln*à = -J«^, = -±Ln*à 

Clr\ dr\ 


f = 


~-^Ln— 
ln 2 a n 


5600 T 

t =- .Lu 

Ln 2 


4.10 

V "Ô23 y 


! i_S3 JlC ^gjjJcü 

14132% 
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CU95JI sÜjjüJI 

(jVfl&JÜ/JI (jAdlüJI l 1 ë Ü LuuJLuüJI 
Qj*o\jj filles oLiuU>* 3 />$JLc Uj^jLSu cujUJI 



^>îlo 


1 Ltueà 

<jjo ôjjC>\JI ^Jl cLubr JijkiJI v_s^3 JjuoooJI JaJai%uoJI v-Sv-Lszj 

. 238 pjijJjuoJI ctJLziÀJI 

*X QuuoUI <jjJjd>JI JoJa^uoJI ^sOLc bloJLcl _ 1 

■ A z'.Y s 

JoLuJüJI pQ J ^ÜÜuLjuJI 3 ‘ IV 3 III O^-^l <*_S\jLL Is2jO _ 2 

. CjuLÀj JÜ CLljuUlJIj v_SV-CLs2-juj\JI 

2 CtJjM 

. lS^3jZ) C^Iqj _ 1 

“N -» “C + a z x : ^Ul <s&J\ JcUJI ^ _ 2 
T cU^juuoJI X CLiL^jJI àsi+Aï lo _ I 
S^N 0 I 3 JJU v_SV^LsLaJj\JI .LLijuJI ^LSixxJo Lo _ V 

ôjbl cJb> v_s^ ÔJJ 3 JU 0 JI Û 3 JjÜI 0 I 3 J Cju 15 N li>L o _ £ 

. cJbsJI ôJlo} V-S 33 JJI JxLâJI cJ^L^jo v^l 3 

3 iJJjAJ 

jlÜJI QjO ^lLuüJLjuü Qj\jj v_sJLJI I JjuOsJ 

. ^OiiHua53\) I jj LLü 


t(s) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

a(Bq) 

1489 

1231 

1018 

843 

695 

570 

-E- 

475 

-E- 

395 

330 


tJjOjJI ÔJL> 3 J CLjljuULjJIj JoLuüjJI ^jlS2J t cÜÔ^ïJ _Xjl£ ^-jljuUL>I c ^JL^jO 3 I CLjLJtjjL* J l/XSiiLjuJ U _ 1 

^Aaï _ a (t i+ 1 )-a(t i _ 1 ) 


V Aty 


^i +1 Vl 


. a «ü\Jju — 


f Aa^ 


v At y t 


LûLuuo Jjuo 1 _ 2 _ 2 


! v_s^JLJI JijjJI <- _5 \JLc v^jûîSu cuJLc jJu^j^joJI ^svjj^juoJI <LLIs2æ ol \jjj 2_2 


vAt a 


= -Xa 


LçjJl >33 À, J _XsaJI ^jcxjJÜI .bel 


da .. 
— = lim 

dt At ^° 


^Aa A 

V At y 


da 


! 4JUI a 9 \ls<JU a JoLjullàJU ojo>U ^x-ujuülj ^ajLajuuoJI cJIjJI ^Sjso _3 

dt 

T - 4iiA*àuoJI «uJb 3 3 •>*-' 4i)\laJI lo 

dt 


®th - ^ 0 ® 


-xt . 


uui^j a JoIajuuJU *Sj bJI jaaSZjJI old i_svJIÜÜ 3 ^Ub ^y-C 

. lpJJi >33 [$Jjyj3 iJj>- 3o ^LôliJI J 3 JJU 0 lo 1 _ 4 
.2_2 Jli^JI v_svS L^jJLc X 4jo uS JLxsAujjU 3th J v.S'jLjjoJI J^ioJI /y-uJj I 2 _ 4 
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I^LoûLcl 3 exp(t) ^_s^ L ^ u0 ^l ijv LjujJ I oLuuoJI (JjülQj <w $\JLc /y-ujj\ 3 _ 4 

. 0 th = 3 q6 ! v_SV^ls2_*jj\JI ij£iS LiûJ I O^jls V-jUjJLjJ JjO^jLjuüjoJ I gii^OuJI L_S JuO ^UuuLajüI 

. 19 ôJu^J Ui-£ûJI JJO^C tl/2 U^U-H 0 JL>3l _ 5 

I n 2 

. (tXJuüLajü I3 OjlS ti/2 ch 0 >oJ t t^2 = - ^S\J-sdl CjuüI _ 6 

À 

4 11 J jjoj 

/XJU 3 J 3 JJ ^JLZXjJ I jjCXC • z Pb I jjJûj c LüLflJ (^ûuU oc JoLjuüjJI v_s^^ls 2 _jûj| ( ^P o') 210 I 

. ti / 2 = 138 jours 3^ 210 
. ôjJ 3 ^joJI 0I3JJÜ Z 3 A /)J t v_sv-cU 2 _aJj\JI .bLjijuJI cJ^U^jo _ 1 

. 'K CL^cLsZjuJ^JI CLajUI ^jljuUoI _ 2 

. a 0 = 10 10 Bq ; 3& t =0 cobL^JUI julc 1 210 />3j<J3J3JI <jjo Ajulc -bLuüü _ 3 
. cuxsdl v_sv 9 ô^3j>3xxJI 210 /)3jJ 3J3JI 0I-XJ3J No 

—— c L*jJ2JI JoLjuJU ^Lo£LaJ 4jOJ\L)I CLuuOjJI ÔJuoJI Lo _ 4 

. t clIô^JUI julc i?LjjuJI a(t) 3 ao ouj ci£\lsdl JclcI _ 5 

, t s ti/2 4 J\Jjü r = fl °~ a(/) JoLiüJÜ ^sy^uxJI ^Ul ^ 


Tt=ljour julc r vljuu^>I 

5 u-o*-» 

, P JoLujuJI (.Sv^LsjjiJ jjJàj *gC Ù£J_>SJI 

. Ü3jj3JI ôJu3jJ LS33JI J3^tJI Lszjo <^51 _ 1 
10 6 v_S^3 14 Û3JjÜI <JjO ÔJ0I3 ôji> ) <JjOjJI J3>° &° AjuÜ cLoôJI v_Sv3 14 QuljuJJ — 2 

. ( uSv^juLb ü$jjS 

jxjuü C> v*_s\S ^La_ajuuJ I ÔJlû> Ol QuC> « c LotJI oLulSJI \^3 < ^-a_ajül*J I ÔJlÛ Jl> 3 j 

. “C «^3jJI CjulQJ 

ti /2 =5600ans 14 ü&jZJJ kJ^J\ 


. t Clib^JÜI V_sv3 " CjuuO " £Ujb -*JlC 14 Ü$Jj£J I CLljuUÜ 


<z(0 


< ta _S'JOs_JuUU 


<2n 


CLOUOJI3 v-sJUI J3-X<iJI J&il _ I 


t(année) 

0 

2800 

5600 

8400 

11200 

14000 

16800 

a (0 

a 0 


0,71 


0,35 


0,81 



t cJ\Jju 


a(t) 


J JjuouoJI ^s^JlJ^JuoJI hi> — v 


100an,s<-»lcm : j 3 ^jo : /xJLuuJI 

1 <-> 1cm : m*jI/\JI 

cLljuüü ctOukS ibul fjjo Û 3 jjJ> 3 J 30 iJI q^uoj ■ cj Ôj3bïj0 cülc CxÀ^I I û\Sjj 0\j£j cLuI _ 3 


a(t) 


= 0,49 sSj 3 àj>\JI v_s^3 14 û3jj5JI 


? ûl^l Ijlû^ CjJl> ^svjuo 
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eüjjüÜI 

vivclsjüj^ll yASLJI 

1 cü^uJLuüJI vjjjloJ Quozt&J 

1 jJJjJOJ 

Pb 3^ X jjoj v_sJUIj 3 Pb J jjJcü X o 3 [ Z (jjulôj Lo^pJ Pb3 X ol Loj _ 
. Po 3^> Y jjoj v_sJLJIj3 Po J Y Oi>| Z jjjulqJ IcxgJ Po 3 Y ûÎ Ioj _ 

! v_S^^ls2_Juj\i I JoLjuJjJ I p Q J LuuLjuJ I3 L_jÛLQ_à, Jl cJ^UiX) 

: Ol gOJLOuuü JakOfcjoJI J\L> qjo 

210 gj ^ 210 po + °0 

83 UI ^ 84 ru ^ -I e 

. P JoLuüjJI £33 
: ol güjLOuuü dJJ_xS JoJo^joJI J\Jj> <jjo 

2 84 P °^ 2 82 Pb ^+2 H e 
. OC v_S^^Is2_juj\JI JoLjuJLjJI pQ J 

2 ûjjjoj 

. Z ol^^JI ^JlC3 0I/3JJI .^JlC JbÀ^Oj LS33J J3^ii J\L> ! O3JL9 _ 1 
. Û3jjJ3j <>£ ôjLlC clûjl 9 aJI ûI lSÎ Z =1 3 3 = 0 : cuJUI às*jJjJ\ ^^OLc JuZi^ü sS^3^ Û3jls Jâ-Jcü _ 2 

. P + cüuSjJI Lcul l _svjOouüj3 

. P i_S\^lsLjûj\JI JoLjuJjJI ! 3^ 12 03j\JI 0I3-J v_S^-C- Ls2_0j\J I JoLjuJuJ I QSZjuJo _ 3 

OjuL> y vOIsluIj Ljuj\iI L^Jb> ^jJJ Jüjüü lgjl 9 ôjlïj cJL> ÔJJ3JU0JI 0I3-JI Cjû 15 li>J _ £ 

. v_S^-auU LjljU\J I US3JLJUÜJ0JI3 ôjb\JI ^S^jljulLO <JuU <J)jJîJI <^_S^ Ls2_juj\J I Ijtfli C\S\]o 

^C* —> J gC —> y : vjvjî) c*jüdl Uuï> cü^Lslo 


3 vj j>oj 

! CLlajuI^ cJI lJ LcxSjOjüIj J3_oJI \LoJ _ 1 


t(s) 

0 

5 

10 

15 

20 

25 

30 

35 

40 

a(Bq) 

1489 

1231 

1018 

843 

695 

570 

475 

395 

330 

Aa 

Ât 


-47 

-39 

-32 

-27 

-22 

-17.5 

-14.5 



: />JJJ JjO^OuUÜ v_svj UoJI J^JI 2 


B (Bq/s) 
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As 

,_S\JLc v-jiiii cuJai* cüb - — f(a) ^ÜI-lJLà ùil /xisxJI J^l ,jjo j-cu /xjlO^juülo ^J£■ ôjLc üLuuoJI 

At 

-—= Aa : ^JUI JSAiJI 
At 

CUcls-^VI 4juLiJI ^JjuOJ *. 5 VJÎ >3 ^ — 3^8.10 S ! L^JuO^aS À/ Oui 


: ol /ylsû Lz>Uj_ 3 

da * f j da ,. Aa « 

— = -Àa ol ol — = lim — = -Àa 
dt dt At ^° At 

. t=0 cdâ^JUI v_sv3 v_s^is_Juu\JI JoLjuuJI ^jo^S a th = 3 qG ^ juuiajJI v_s^3 9o 1 — 4 

. a 0 = 1489 Bq ol ^lLilOuju J3_xj^JI ^jjo 
! ^sJLc 3o ^0^3 À ^jOukS J Lcxs^jOjj U 2 — 4 

- 3 . 8 .io _2 t da th _ 


a th = 1489 xe 


dt 


= -56.58e 


-3.8.10“ 2 1 


Aa 


th 


At 


— f(a th ) JjuoJ 3 Ü 3 Jl^JI \LoJ c(3\tsdl ôJlû^ ^jjJûju 

3_4 

. Quuuj^üJl sJluJI gjo >oc\Jju a th = a 0 e ^ 

a 1 / 2 = ao/2 =744Bq ti /2 LuLuuo _ 5 

: v_svX:Ls2_jJj\JI (^aSLuJU ëu^JôJI ciiAlsdl _ 6 

U» J tl/2 a th = a n e~ u 


a th( t 1/2 ) = a o / 2 = a o e 

In 2 = At 


-At 


• 1/2 


210 


. In 2 

1/2 ^ t/2 ~ ^ ~ 

4 <jj jjoj 

84 Po —> ^Pb + 2 He : /) 3 t J 3 J 3 jJÜ v_s^U 2 -^jVI cJ^Ls^jo _ 1 

1 qjjjoûJI j]bù\ 
\ cl^Lsz-jujYII cOjUI vL juü - > — 2 

t 1/2 =^ = 5,81.10 S s 1 


a o - AN 0 


N 0 = — = 1,72.10 


,18 


: ao cosdl -L>LaJuO v»Luul> _ 3 
: Ol /ylsû 


LujJ a = a n e xt : cisUsdl 


_ 4 


— = a 0 e xt => In 4 = At 

4 0 


t = 2t 1/2 = 276jours 


_ 5 
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.-A,t 


t In 2 


r = 


a n — a a n — a n e * 

_o— ^ r _ _o—o— ^ r = 1 - e 1/2 


r = 1 - 2 tl/2 

. r= 0 , 5 % L)J t=ljours jülc 

5 

; ôJuÿJ iSggjJI J^sii cUilao _ 1 

“N+_°e 

t _ 2 


t(année) 

0 

2800 

5600 

8400 

11200 

14000 

16800 

ait) 

a 0 

1 

0,71 

0,50 

0,35 

0.25 

0,18 

0.12 


t cd\)jj ^ J JjüoooJI ^sO^uoJI Ja> _ v 


A 
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Q3lhJl£ <=0 Ll5JI < i5£âJI 

Noyau ,masse et énergie 


"qilb _ 33LSJÜI _ I 

ijjLuuüüj <=L9\Lc — 1 

ciJLSJI ch^ vilL^ ol j^sJJ />1905 clljuj cu^jljuuuJI v±JLj LSLooJ I J\li> <jjo ^LljuJü[ /JUdl 

. cisLLJ^ 

: Id^jjuiSLi qJLSJI c^Lt) ^jvjosjjuü E cisLt> t o^Sljuj cJL> v_s^ < rn IgjJLiS ëic^josttuo JS dJJLuoJ 

£ = m.c 2 


CLCj^juJ c - 3.10 8 m/s 
kg v I qJLS rn 

. J^-^JIj LçJlc jjsù clc^joj^joJI qjâlb E 
: clc^jo^oJI ôjlpJ clJLSJI qsLkJI £ lo ô$z*j J\b> Arn v 3 JLS >xsiu Iojul£ 

A E = A m.c 2 

<^ 3 jowtjoJI : AE<0 SUjS yjAsüj cuJLSJI Ipj^lb £ ( ü^SLjuu cdLS ^üîju ) Arn<0 

(Q>0) . ^sorjbüI Jsuuj^JU Ip^ejuoJ 03lb oJbül ojl£> ^ssS 
^^joccoJI kmjjjSj : AE>0 SUAS <=lJLlSJI L^sLb É ( o^SLjuj v_sv 3 qJLS ) Am>0 

(Q<0) . sS^j bUI Jouuj^JI vjjo OdLb ëübdl ojl£> u$\3 

43lhJl3 qJLSJI ojl^ 3 - 2 
cüjjdl qJLSJI ojl>3 — I 

ôJl >3 ^jvjOouuü c LoJ\Lo ôJl> 3 j LpJi-C >jlS 2 j Ijj £ I_)l> ôjjLàz) LS 3 JJI JjS Ü 3 SJ £ CU 33 JJI cbjjLflJI 

Uu IpJ > 0^3 cujjJI cdLSJI 

IZO^I^^So-^vSsUvlu 

i$dc J$jo 1 i5>cw 3 12.10 3 kg iS^Luuü 12 ol^i «jjo d^o <U*£ ül /oJa) 

: ùl v5l ô^i N=6,02.10 23 

1 12 10 3 

lu = l,66.10' 27 kg uidUUs 1 u =- : —- = 1,66.1 0" 27 % 

12 6.03.10 23 


«üji 5 : JLùo 

m p = l,6725.10“ 27 kg 


m 

P 


1,6725.10' 27 

1,66.10 27 


l,0073u 


hJÿà — Oj>iiJVI : <^dUsJI ôJl >3 _ v 

cüÜLcLclo 3 JaJ^S _ Ù3_)iü\JI JIo&IjujI J^oàj dJJjJ < ci 9 ÜaJU 3 joJ\Lo ÔJ03 J3SJI <633^! sUj^àJI i_s ^9 

. (MeV) kJ 3 S _ o s> lU! làœJlS 

leV = 1,602177x10 -19 / 


IMeV =\0 6 eV = 1,602177 xlO” 13 / 

. u «VjjJI cOLSJI ÔJl>$J <Udl2ûoJI ëldUsJI _ £ 

! i_s^ûi lu >_S\jJI ^LUI (jjljLujjl <Ü\Lc v_jjuJL> 










E = 1,66054x ( 299792458) 2 ) = 1492,42x 10" 13 J 


E = 


1492,42x10 


-13 


= 931 MeV 


(_sJLJIj3 


1,602177x10" 13 
lu - 93\,5MeV le 1 

m e =9,1.10 31 kg oî E=mc 2 : ù 3 _)^J\JI 4süo ^Lulo- : Jlio 
E=0,512MevolàleV=l,6.10 19 J oî Lv 3 E=9,1-10' 31 .9.10 16 J=81,9.10' 15 J 
. m e =0,512Mev/c 2 : 4 JjAJI qiüaJI ù 3 >AJVI 4JLS oî 

Energie de liaison Ja^JI «isLb _ II 

> i^nJLSJI \jO& jJI 1 _ 2 

t <VÜ)jJI JS i^jJO J^ lojb 03^4 0 I 3 -OI OÎ qJLbJI jlxSjO P 1 CLjuJ [ 3 ? Ojjïjî QSüSà oLjujLa^ QjjJ 

. t_soJI 

m( 2 H)=2,0109u : ]U /^jJI 0 I 3 J *dS : Jli*> 

N = 1 3 Z=1 /> 3 j>j 3 jJI 0 I 3 J 4 j 3 SuoJI 
m p + m n = 2,0199u : ^IsjJI Jj£ £ 30^0 

Am = (m p +m n )-m( 2 H) 

= 0,0050u 

. ôl^jJU v_sJLi5JI Am v_SVJOouUÜ 

ôl^JI gSj£$ ÜÜjjJI JiS £ÿJ 0 ^J 0 \JjJ yJjjJÜI A/77 ôl^J yjsJLSJI ^AÂJI i£NdDuuüÜ ! PjoLc c Lâ juQj 

. v-a^t^jo LoJb jIjlsjo 5^)3 

Am = (Zm p + Am w ) - m ( ^ X ) 

iv>JI «3lb 2-2 

ôl^jJI dJLuüLoJ juujJu . CLO_XS 2 juO CUiJ^UuJ OIS CLlP'^jO CLl^IjuJ oli> Cj\j$J$jJ <JjO ôl^jJI 

. cu_9-fijl <_svjOouuü ÔJuuj oli> CU 33 J ^> 3 j 

. Eç JojjJI c(3Üaj ^jvjo^juuü t c(3Üo Id^UcLcj uô-ij 0 I 3 -JI 0 L 3 J JuZIàJ 

cLoj\JJI cisltJI ^^ISj 0 I 3 J v-SvJLSJI <>aÀjJI ois C 0 LLJI 3 cdLSJI QJU 39 ÜJI cts\Lc 

: IpjU^j JuzxàJ Lû^^LLicJ 

Zm p +(A-Z)m n =m(^X) + E l 

E £ = Am.c 2 = (Zm p + ( A-Z)m n -mt^X^.c 2 

QjqjJ <UjuuuJU Joü jJI j3lb 3— 2 

A 

Mev/nucléon £ 0 J 03 
. CU 3 JJ cLb_Juü 3 ^joJI ku^JI cislb JjuoJ v_s ^3 

. CU 3 JJÜ cLljuuljJIj JojjJI cislb jLûôcl ÔJÜ 3 J jljüji-juul <*SJuo ^svJLc /iSszl} 

. ôjjuS CU 3 JJÜ ^jljuuuJIj ]ojJ\ cl9Üo OulS Lois IjIjjijLjuüI jjSI ôJu 3 j O 3 SJ 

: i n SVAjuJflÜ i jJjJDJ 

22 gRa /> 3 j^ l^>JI ôju 3 -j jjü&j 

. CU 3 J JSJ ^LlxjULjJ U JcirJI Cislb ^ÜÜuLjuüI 3 /) 3 J^I>II ÔJÜ 3 J icuj)\ Cislb 
3 lu = l 366 J 0 “ 27 kg 3 m n = 1^00867u 3 m p = l,00728u 3 m(Ra) = 225,911m : 

c=3.10 8 m/c 2 
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. O^SLjuj AlL> V_sv9 olj^j JuZiâJ cLoj\JJI ctsLLJI v_S^ cLoj\JJI Joj^JI cislb : wlo^JI 

E, =Am.c 2 = [(Zm p +Nm n )-m( A z x)J.c 2 

0 I 9 c Lu 03 N=226 3 Z =88 

E f = (88.1,00728+ 138.1,00867- 225,977).9.10 16 = 2,779.10“'° J = 1736,90MeV 

1736 90 F/ 

^ =7 >68M e V /c 2 JSJ ci^uuuJU ^1 cüUo 

226 A 

Aston ùÿJsuujI ^sjajüo 4-2 

> < U 3 lo j laj| ULcxajk-juüU olju 3 jJI ^üJLl^jO ^ÜjLÜjO Q^uOJ 


.ku^JI cislb Jjlsijo olj-fcâJ JjuOsj 



cJ\Jju 


ÔJÜ 3 J CLiljuULjJIj 


. JljjJI jiêû\ . A 0 L 3 JJI 

: ^jvJl^iJuoJI J\L> ,jjo 

:20<A<195 • 

( E ^ 

^jLüj Lj^ /xjlS IgJ —- 

l A 

ôâû^ . 8 MeV/c 2 cüîJLLjoJI lpjuou3 
^3jJI /xlüi clslLluoJI 
3_Û> Fe JuJC*JI JLiuO ) \j\jSLLjuj\ 

jc> 3 j IjJ IjI^üajujI L 53 JI 

. ciajjJaJI ^_s3 6jS$j 

A>195 3 A<20 • 


( E A 


( eA 

1 

ol lsI àjjuS 

_ 

\A) 


K A y 


Ô^Ü^juUUO jjlC L53JI ÔÀ& ül iJ+JÜ' sSjJI Cv_SV-aÂjJ I àjLfSLa ^Ü3jJ CUljuUüJIj .ku jJ I 33 lkl 9 v-sJLJIj 3 ljL> ÙjjSLÆ 

. ljl^)ÜjL*jjl jJlSI «33J ^J\ J3^*üj ül LpA^uOsJ 
: CU33JI cALclàJI qjo <2^3 J3^1i ül ôÂgJ ,j2u0sj 

o^lbJI ÔJlû} w _S\j0s-juUÜ 3 . jjuü^ L-S^l J^OljuJuJ ôjÜjLJuUUoJ I jjlC ClljLÛjJI «^3 jJI _ A>19 — 

■ ^SjjJI jUgUuùuHI 

^LoJüDI o>£>lbJI ôÂû> w _svj 0 ^juuÜ 3 \Lqj jjS I 0 I 3 J uSvktSfcJ LpAjj Lou 3 Jc*li cLûjlÀ^JI « 33 JI _ A<20 _ 

. iS 3 £jJI 

. ùLop*j0 ü\LcLûj jUolAjWs gloJü\JI . QjgQ^JLo 

Fusion et fission nucléaire ÜÜ33JI ^Iojü JI3 jüsuuuuill _ III 

- s?S5>JI ^LbuJuüDI — 1 

Jsu t /)ouulüJu ül \Jjuo />3 jjJ3j3JLJI 3I />3jùIj3\JIS ^Jjlûj 0I3JJ <j2uoj 
^jJJ( 0,1 MeV <jjo J3Î cu^^pJI cusLb ) ç v _sJoj l£ 3 _v 3 

w _5\jOs-juUÜ3 1 LS33JJI jUcLjuJÜ\JI J3^lJI IJlû^ ^JVjOouUU . [JuüJuÀ^ <Juü I3J 

: cuîjjlqJI fissile 6 jgJguuuJI L 53 JJI «aL^qjüI L 53 JJI 

UU>S-F — I 

c ÔJ3J Cujj AJLlÜj 0I3J ^-ajULSjU LS33J JxLûj LS33JI jLLljJjü\JI 

. ^uiAâjA> LpiLaJI Asi; 

: cdbuol 


jUdjJüJiJI 



Cs 



/ l \ 


f Rb 


O ÙS^JSJ O ù3j3>j 
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235tt . 1 . 140 s-i . 93 Tr>r . q 1 _ 

+ qTI —> 55 C^ + 37 /v/? + Jq /2 


235t 
92 ( 



O ü S>iSJ O ÙSJS>J 


2 5 C/ + 0 ‘n -> jgSr + 13 4 9 Xe + 3^ + y 

JuuülLuUUüO J»£ÜiÜ — V 

! ül LS33JJI jLLijujü\JI <^jLJI OÜ3^>j3jJ <j^uOsj 
. J^làjJI Jq_juJ3 <JjO CjJLûj _ 
. Ûj3 lo juü w53J Lp_Ô_QjJL> 3 I _ 

1^1 É CU^jC^lQJ CLkÀxSîj ^OoU _\3 J^juuJLjuüÜÜO Ll^-X^ v_5^ ^LOJ^ LjuUUO i «33J jllo aaJL JI v_ 5^9 ^jljuüüU 3I 

v_svS Lo IJlû^ 3 CLL1JÜJ03 eus /xSL^ïlJI <j^uoj 3 . CU33JI cJjJLflJI v_$v 3 Lo Ijl&3 i Qu 3 /xSL^lôo üI 5 

. cLcxküjuo cUÂj^j cisLbJI £üüu uu> CO33JJI o\LcLqjoJI 
^Lzlûol '-fiJjio CO33JJI o\LcLqjoJI v_svS J^uuJLuüüjJI JcLâJI v_svS 

. />3J^lSJI <JjO ùLlJûS cJ^LjujI^j Cj\j$jJ£jJ\ 

■ s?5>JI gloJüDI - 2 
U*j>£j — I 

\Lûj >i^l 0I3J QJ3SLJ Quûi.âjLÂ^' />LoJajl cJ\|j> ^ojj JxLûj LS33JJI eLo-ü\JI 
/>3JLgJI 03^ LgJ\b> jojj lLul> ^juuooJjJI Jj>b gLoJû\JI o\LcLàj güJ : qJbuoI 

! J^-I^jo Ll»\Jj ,393 J < jujJ>3jJu^JI <jjo ls\Llcül 

,’// + ,‘tf ^\H + \e 
\H + ,'// -» lHe 
lHe + 3 //e -> *He + \H + ,'// 

1S33JI £loJü Jl y^jjoù b$jM> _ v 

ol^J'LJI i_S^S (_i 4 c v-jJüJI (jjo IpJiSuoJ ci 9 Üo (jjJiàjAieJI ij-JI3JJ ùl$ lij \JJ sS33jJI ^LoJj\JI ^gü^cju \J 
JflÀjJU gloJù\JI Otsiij v_jljuJI I A0J3 . 4 Jlc ûjl_>> <ÜüaJI ô-Ld) _*J*3j v-JJa.ï.»3 . < 0 >sLjJI ^jjluJI 

■ S?JI,pJ I <333*11 

• sS$>> Jf LâJ <udlhJl3 cuJUSül oJLygcJI — VI 

: «Lol&JI cUbJI-1 

: clJLJI cJ^IsjoJIj qjlc l>!^o U33J \LcLqJ jjüsù 

A Y _|_ A 2 Y _^ A 3 Y _|_ A y 

Z 1 A 1 + Z 2 A 2 Z 3 A 3 + Z 4 A 4 

. ,Jyl 9 ^ 3I ^^LuOsjkS ^jvJLc JjÜ Xj 

: v _ 5 v^ JxLâJ Ijl^j CU3jüjoJI cusLLJI q 1 +jæcz}\ 
[E,(X l ) + E,iX 2 )]=[E,(X 3 )+E,(X,)] + AE 

A£ = [ê,(X 1 ) + ê,(X 2 )]-[£,(X 3 ) + £,(X 4 )] 

ci9Üo Æ 3 . Xj <^a*9jJI 3 ! 0 I 3 JJU JojjJI 49Üo E ( (^j) ûj> 

. JcldJI 

: LüjJ E e JajjJI <^9Üo >«+S 2 J V_JJUÜL> 
AE = [m(X 3 ) + m(Z 4 )].c 2 -[m(X 1 ) + m(X 2 )].c 2 
A£ = [m(X 3 ) + m(Z 4 )-m(Z 1 )-m(Z 2 )].c 2 
AE = Àm.c 2 = [m(proJM«ï)- m(reactifs)^.c 2 

: oLe < 3 aaj ■ LclaJ «OliaJI Jsüaàüo : «Ug^ado 

clc3jo^joJU clJjuJI cisLbJI : Ej 
. clc3jo^joJU clJL^jJI qsLkJI ! Ef 
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. JiLALâjJ I L^-a-ajüûlS j ^Jl ^l 9 ÜcJI E^^X^~\~E^^X 

. X4 3 X3 qjüI^I 03^ julc clc3joj^joJI v-s^JI cisLbJI — ^E £ ( X 3 ) + E t (X 4 )J 

. IjIjJLüuuI jii£>\ qjuæü dJju 3 LS33JI JxLâJI Ijl^J cul^JI qsLLJI A E 
Q = —AE > 0 v_sv-û> ctsüaJU j^Jub JxLûj J\b> ôj^PïjoJI cisLLII ; c^b^JLo 

vJju^^jJI £loJü J3 jLbuuüu\)l vjOLc oLajuJflü — 2 

! jlküuüüJI — I 

: cuJUI LS33 JI jLLijJuü\JI cJ^I^jo jjüsû 

2 l\U + \n -> + 3 9 7 3 /?/7 + 3^/7 


. LS33JI JxLûjJI lÂâ v_sv3 ciL>jûüoJI ^ 3jJI v_sv-^j 


235 U 

92 u 

140 C5 

%Rb 

O 77 

234,99346 u 

139,88711 u 

92,90174 u 

1,00866 u 


— 

J 

lE 





F l^j 

^ 

+5 ( 3 wi] 



Af 

1 

1 5 ^5 + ^i/+ 3 Q V? 
L 

f 

s_ 






r 


+ E 


è 

E \]H | 

+ F ! W) 

^ ■ 

- E (,\He ) 


Af 

1 

f 

Hs+ ]n ^ 

f 








. /) 3 jjlj 3 ^l <jjo ÔJ 0 I 3 0 I 3 J KJSjk <jjo àjyxj oJ I cislbJI 

A E = A/77.C 2 : cüllaJI j+sü j+fSÜ v^> U»J 

ùl CjUjSXJ 

A /77 = m f - m j 

= [ m ( ÏÛ) + 777 ( 37^) + 3/77 ( O 77 )] - [ m ( 2 92^) + 777 ( 0 1/7 )_ 

= m ( f 3 Cs) + m ( ■ *Rb) + 2m ( l ,n) - m ( 2 9 3 2 5 £/)] 

=-0,18729u=-3,1100xl0' 28 Aÿ 
A E = Am.c 2 = -2,7995x10' n 7 = -174,699Mel/ 


v^Luuü Q=-AE ëislb jyzü \j~o ôJl>I3 0I3J j[^ujjj\ ùl lSI 

. 174,699MeV 

JijjJI jJajl : jlh^Juü\JI JxLâJ ctsLLJI \o^ol>ua 

sS^^jJI ^LojlîJI — v 

! vpJEJI gLoAj\JI JxLûj jjüsù 

\H + \H -> ]He + q/7 

A E = Am.c 2 


Am = m f - /T7,. = 


777 ( 2 //e) + 777 ( 0/7)! - |~/77 ( 2 //) + 777 ( *//) 


=-0,18729u=-3,1100x 10' 28 Aÿ 
AE - Am.c 2 - -17,5Q5MeV 


IH 

IH 

2 He 

o 77 

2,01355 

3,01550 

4,00150 

1,00866 


. Iu>üj 200MeV osilo jIIcljuuü\JI JxIûj IoJuu t 18 MgV b £lo_xj\JI JxlâJ 

Cül lSÎ ^Ü 3 J 236 LS 33 JJI jUcLjuJÜ\U CLjljuULjJ U 3 0 U 3 J 5 LS 33 -JI gloJjUJ CLjLJuUüJlj 0 L 3 JI ^_Xsd CIjljuULjuJ ls 

oI^jo ijjlLOSzj jjS\ £loJü\JU àjjJkj oJI c^lbJI ô_Xj>I 3 CU 3 J cLjljuuljJIj 

( 2 ^jjjLoûJI clLjüJLuü 

. clJUJLJI CU35JI oU<p*JI ^sJLc oUjuJgü - 3 

: Ojo^jo 4bydLo 
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.(Q=-AE> 0 ) v_sorjbJI JojJ^sjoJI IgjLJuuüSu clSÜoJI jy>ü Igjî lSÎ ^sllaJÜ clc^jo^^joJI AF < 0 

( Q=AE <0) v_sorjbJI JojJ^^joJI qjo qslb ^ jljujuSj ) cÜàlkJJ cl^Lo 0$$3 AF > 0 

^sJLc cislkJI ôjlû^ j p lôï^ E IgJ AF < 0 LoJl^ clJLqJLJI àj$£jJ\ o\LclâjJJ clljuuuJIj 
. OOiüJI J\b> ^ÜlSLlJuoJI ^ïlSjJI ^sJLc L^jljuulîSlj qslb ciiàlb JijJj 

a Jl JdLujuJI - I 

: a cjj-âJI cj^l^o 


*X^ïÿ + a 


OC JoLiüJI JM> ôj_peioJI cC 9 ÜaJI 


E - 


m{à) + m(^r)-m( z A X) 


.c 


a ijLjüjJI ^^U 2 _jjjJ ^o^j^l^JI ôI^j . 226 ^jo 0 J 0 I 3 0 I 3 J CjjJü { j^. cl^jUI qslkJI 


I : 




226 0- 
88 

2 8> 

\He 

225,977u 

221,9702 

4,0015 



™Ra -» 2 8 22 /?/7 + \He 


: J^làiJI IjLpJ cuslIoJI ^JL^tsJI ><ïju 


.C 


e = [/77 ( 22 >) + m ( 2 4 A/e) - m ( 22 8 6 /?e) 

= [-5,3.10 _ 3 tf]r 2 

: ois v^JUUs lu=931 ; 5MeV/c 2 ol />J*i 


£ = -5,3.10 -3 x931,6 


Afel/ 


.c 2 =-4,94M?l/ 


: JxLâJI Ijlûü ÿx cislbJI s^JUUs 

às\]o Jijjj ^jOLc >^Jôj v_s^3 Q — —F = E c {a) — 4,94A/é?l/ 

. a cül^jJI ^^OLc l^LJuuüi/ 

■ P L^lfijûj^ll JdIjÜJüJI — U 

P JoLjuJuJU CjÛLÔjJI Pj^L^jO 


X -> z +i Y +°i e 


: P JoLiùJU 4 jSÜoJI g JL. I 


E = 


_ m ( z+ A 1 Y) + m(°_ 1 e)-m( 2 X)].c 2 

P + J^L^JüJI - S 

P + ^LaJuljJLI CjOâJI cj^l^o 


z y v A 

a a -> z 


\ Y+ ° 

1 1 ^+1 


.bLijuJU cusLbJI àS+^o*} 


E = 


m (z-i Y ) + m (+ 1 e) -m(^X) 


.c 


: cLbtpJlo 

u £. ccüLJI ^ldjJl5 v5^jJU QjSjs* «d)lb i^Jj 4 j 33*JI OlLclajJI Jlb>- P3lbJI ü^süj 

m y üIcIsjüiUJ <u^dlb ^$Jj JUiSj J^scJI Ijlâ 

Q = -AE = £E c ( a 2 Y) 
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JjaaJI ù£ «SuUJI jilïjJlj lS»JI : *Y 


. JdLajüJÜ üljyüUI — V 

ClS2_juj\JI QSZjuJgj$ /^juUL^JI I^jZIjuOsJ v.S'jJI °IjjOsÜI ^_j-juUL> dJJ^3 üLuUü\JI /X-juUL> ^jOLc jjü U CU33JJI oLcLs2-juj\JJ 

a oIcUz-JjVI • 

. jJbJI 

olcls-Juj^JI ô_x_ûi Jjo^jLjuüu . l^lüAJ ^I>*jouJLo ô^jlc < /ojJL»3 « oc ^jjo ^u^Lûj jJlSI P oLcLs2_jûû\JI • 

. cLûlb^juuJI U\liJI cuJlsxJ 


v_s^ ^Jjo^ji-juuu3 l qjo oIjJLojJüljuj ôjlc ^/ojJL £ ôjlsU y oLcUljuù\JI • 

. j 3 *£lIIj ,^ 1^0 \)l 

3 I ^I^jO^I cLq_juJÜLjuü\J l_)L> pJLLuO oLuOsSj V^kJI v_Sv9 CU 33 JI oLcLsLjJj\JI JjO^jLajüJ 

. Ig-odUfcxxJ 

S" oLjüj\JI ^sJLc CU33JJI oLcUljuj\JI jj§j 

^IjJul IgJ^Suoj S| t ûLuuü\JI /kjuüj^j cü3^uoJI ô^LoJI fLo âJlaJI c( 3 ÜaJI oli> CU33JJI oLcLs2_juj\JI J^liüj 

. C^Lj0sS3jU oLû^3^uJlJI [jÂSLl QjASïlO îLclC\JI [jÂSZJ Cj\jS Cj\j$jj£J\ 
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CÜ 3 £jJl cLfjjüÜI 

dJLSJIs ëidlbJI < iS^jJI : 2 ^^LojJI oJLuukJLuj 
<\j LoUj J 03 JLC 3 cLulfjjkd pskC’ Uj3J15j cu>UI 

! JL>b jJJjloûJI gjjO^> St 5 ^ 

m n = l,00866u, m p = l,00728u 


m(a) = 4,00150u, m(e) = 0,00055u 
lu = l,6605.10“ 27 kg, leV = 1,602.10 19 J 
c = 2,9979.10 8 m/s, lu = 931,5MeV/c 2 



1 ijJjJOJ 

. a X ô l_ 9 jJU < ta _S\JLiSJ I I vJ^C _ 1 

E t 0 I 3 J JojjJI cislb _ 2 

'w>LajUC> ^JjO Q^uOJ v» 5 ^jJI ^lS\Lsdl C_julSI _ 3 

. 2 X 0 I 5 J Jo^JI 

O^JcLjuuI . 2 {JJjJOJ 

S" OC) lo juül ^SVjl^juO JjuOsJ lilo _ 1 

Jbüjo ^jvJl^juoJI Ijlq> ^^JLc — 2 

■ ÔjJ 2 jLjuUUoJ I 

cdLUJI ^svjL^ijuoJI i^svJLc j<jjI _ 3 
JJLc S* e LoJu\U cdLLüJI I 3 jUû^ujü\JJ 

. dLl^jîr 

2 1 jJjJDJ 

3 (^C) ■ vilLü3i ^>JUôJ <jju qjo 

(”C) 

(”C) 4~JÜ >i -1 

. Am usOL^JI ^qJI _ I 
. E £ JojjJI cislb _ v 


. J 3 >JIj /yj MeV /nucléon^ £ cl? 3 jJ c ^juuuJIj Jqj>II ^islb _ g 
. £' = 7,68MeV / nucléon ^ ( ^C) àl^jJU cu$J On^aJU Ja^l qsUo _ 2 


■ ( 1 6 ^) 3 ( 1 6 ^) ChS? CH 0 IjI jJÏjï-fcjul ôl^jJI güüùLujI 


: oLJaszx) 

m(“C) = ll,99674u,m(“C) = 13,9999u 


3 1 jJjJOJ 

<jjo 03^00 JaJL> 3^3 gloJü^JI o\ 1 cLûj v_s ^3 cl 4 jlÎLuijuoJI CU33JI o\LclâjoJI ^3^3 ûl LJL> ôjjJI cloJLc Luuu 
■ v_sJUi^ v_S^ £loJu\U CU 33 JJI cJ^laxJI . (iHj cül^j (t) /)^jLjuJüjjJ\ÿ ( 1 H ) I C)J (d) jOQJjQJÿjJ I 


^He+> 

. LS 33 JI J-cLôJI gûUI Am ^JLîSJI v-_jljuuc>I_1 

. LS 33 JJI JxLâJI <>c cl^jLJI q 3 UcJI <^juul>Î _ 2 

^He /) 3 jJLpJI ,jjo lmol o$5j J 3 <JIj cl^jUI cisltJI _ 3 
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.qslbJI JoJa^uo JLo^juuU à^S UoJI Jjjo _ 4 

m( 2 H) = 2,01355u,m( 3 H) = 3,01550u 
m(Jn) = l,00866u,m(<He) = 4,00150 

4 i*J jJDJ 

: cuJUI cJ^lsxxJU t IpSis jul^ t 235 /> 3 jJ|j 3 \JI 0 I 3 J j\kuiû\ JxLûj jjsù 

-U+^^Xe+^Sr-^n 

. ! JxLàJI gûLJI Am c üjîSJI <^jljujl> _1 

. vb^l JJLc T ôjljjdJ ^Lo /)l 6j\js*D JxLâJI Iâü Jj 3> . J^LâJI qx cu*jUI ^slbJI _ 2 

. Q3 LlaJI JoJa^uo JLo^üujU cuSÜoJI ol+*£0 *Jl Jjuo _ 3 

: v_sv-^j 

m( 233 ll) = 234,99332u,m(^Sr) = 93,89446u 
mf» = l,00866u,m( 13 *Xe) = 138,89194u 

5 ùJjéÛ 

CLO^JO Jl> ^Lx>Jü\JI J\Jj> qsLbJI ûl quu j 5 4 ,jjjjcxJI ciJL^*joJI gyLJI J\Lâ^juulj 

. J\Jj> CL^jLJI C^LkJJ ^UljuULjJ 0 

6ijJ jJDJ 

.p- JoLiüJI ^l^uül (“Co) WL<£JI Ôl^i 

■ (3 i_s\^lsLjûj\il JoLjujuJI jojjji^ujd j-jujS . JûJU^SJI ôI^j CjùLûjJ ^S 35 jJ! JxLâJÜI cU^Lao <*_jûlS 1_1 

. (“Co) ûl^JU iajji\ ci 9 Üo ^UJ^\ _ 2 
. 60 JcJU^SJI <jjo lçj cjùlûj cisllaJI ^jljuuoI _ 3 

! v_sJci^ 

m(gNi) = 59,91544u,m(“Co) = 59,91901u 
N A =56,02.10 23 mol ' 1 

7i jJjJDJ 

cJ^LssjoJI ^jljuuo 03 j\JI 0 I 3 JU O 3 JJ 3 J J<su lS 3 j*JI <J>\LâJU LJLsüI v_sv9 14 Û 3 j^SÜI 03^0 

^N+ -> 'gC+ |H : «JUI 

. JxlâJI l-Lcà c(3lb vljujoÎ _ 1 
P JoLuüuJI v-SV^Is-jujJ 14 _ 2 

. 14 û 3 jjÜI CxiaJ ctblax) | 1 _ 2 
. JxlàJI l_Là> J\Jj> cl^jLJI ctslkJI 2 _ 2 

^Lo />l j^Jub JxLâJI I_)lû> Jj& . c^LlaJI JaJo^jo JLcxsii-wjU cuslIoJI JIJ^-3 

. vlysJI JJLc 

m( 12 C) = ll,99674u,m( 1 gC) = 13,9999 : <jJosù 
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2 ëÜLyüJLyüJI 

. cUL5JI s cV3lbJI 3 USI 3 JI 

cluU^* 3 .p^JLc «UjUJI ^àjuuJI 

1 OJjAJ 

ci 3 \lsdlj eue . 0I3JI cdl^3 clL^iÀjuo LoJûC 0L3JI qJLS quu J^âJI 3^ v_sJL^JI _ 1 

Am = (Zm p + (A - Z)m n ) - m(*X) : *X àM q^JU cUUI 


. JuzlôJ ôI^jJÜ Lû^JlLcJcisllaJI v_sv^ : Et Joj^JI cislb _ 2 

= Am.c 2 ! JojjJI cüUo vL j * j,jl:> ch° twSvjJI ^l9\JLszJI _ 3 

2 

: A cdLSJI ^ac cJ\Jaj CU3J clljuuuJL Joj^JI cislb JjLüjo o^Jq-ajjI ^su^juo Jjuosj 

E ^ 

4 1 = f (A) 

: ^sâ^jüoJI >bül 



Am = (6m p + 8m n )-m( 1 gC) 

=6,04368 + 8,06928 -13,9999 = 0,11306u 

! 0I3JJU JcujJI AsLb _ v 


E e = Am.c 2 = 0,11306u 
lu = 931,5MeV/c 2 

E, = 0,11306u = 0,11306x931,5MeV = 105,32MeV 

: cu^jJ cujuuüJU JojjJI ci 9U0 _ g 

_ E, 105,32MeV ... . 

£= = —— -= 7,52MeV / nucléon 


£’>£ 


2 
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. 14 o^j^UI qjo JjslLjuj\ 12 ûl9 v-sJUIj 

4 ojjjü 

! LS 33 JI JcIûjüI guLII Am cüjîSJI jj lszj <w»Ljuuc>_1 

Am = m^He) + m(n) - m( 2 H) - m( 2 H) 

Am = 4,00150 +1,00866 - 3,01550 - 2,01355 
Am = -0,01889u 
Am = -17,596MeV/c 2 

: i,S 33 jJI Jx:LfljJI (j-c <^süUI ciàüaJI — 2 

AE = Am.c 2 = -17,5960MeV : Jl JxUJI «silo 
ôjl>I 3 ol^j J\l> Q=17,5960MeV i_s^> JxiIfljJI (>c <b*jUI «üLlaJI 

. /K^jJL^jJI QjO 

Q = 17,5960 x 1,602.10 13 J = 28,189.10 13 J , 
v_s^i cLajUI qsUaJI üÿSu ( jjo ôl^j Na (_sJ-c LSJJI 3 lmol julc _ 3 

Q' = N A .Q = 169,965.10 10 J 

; qjjllaJI JaJa_^o JLcxs^jujU tijSilaJI qJL^raJI _ 4 

5 

i Am cdLAJI _>asj _ 1 
Am = m(^Xe) + m(^Sr) + 2m(n) - mC^U) 

Am = 138,89194 + 93,89446 + 2x1,00866 - 234,99332 
Am = -0,1896u 
Am = -176,612MeV / c 2 

! J_clibJI Qszu LjJ I C19LLJI (^UuuOjüJ 2 

AE = Am.c 2 = -176,612MeV : JcüiJI «slb 
oî Loj Q = -AE = 176,612MeV ^ J^UJI ox q^UI qslkJI 

ôjljjaJU j^uuli JclàJI ois AE<0 
. cljL> JoJo^joJI jJâjl ctslbJI JaJa^jo _ 3 

6 {JJfjM 

! j^juUjjOuJ I ^juUO 

ôjl>I 3 CU 3 J ol ssl 17,596MeV cislb 3 I guju 0 U 9 J 5 ol ^Lo_\j\JI J\L> 

3,5192MeV 

0,748MeV <^juo^s Lo jj^ü J 0 I 3 ot lsÎ 176,612MeV ^isvslSlj colb jj^ü qj$j 236 ol ^LL>_jJuij\JI J\L> 
jIIojujü\JI J\Jj> 6jjzzjy}\ cÜ^UaJI <jjo jjSîSu jjS I gloJû\JI J\L> àjjszj oJI cL9ÜaJI ûl <juuü Lojo 

7 \jJjjü 

. JâJU^SJI 0 I 3 J CjlIàJ LS 33 JI JxlàJI cj^l^o _ 1 



Xe + ^sr + 3jn 


60 


27 Co -+ 2 gNi + _ïe 


[3 IsLjuü ’v I JoLjuJüJI />jjjl 5 uuO jj— 

: O3J3JJ ^jJI O3JJ3J 0I3JI Jj>b J3 ^*lu Ojup> CU33J ^ÜbiiOuül 3^ (3 v_sv^Ls2_aJu\JI ioLjjjJ\ 


on -+ ÎP+ _°e 


; .LJl^SJI 0I3J JajjJI c^slb vbuuo _ 2 
Am = (27m p + 33m n ) - m ( “Co) = 0,56333u 

JojjJI c(3lb 
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Am = 0,56333 x 931,5 = 524,47MeV / c 2 
AE = 24,74MeV 

: JoJL^SJI qjo lg cjjJü cu*jUI <=l 9 LIcJI _ 3 

: JxlàJI OS Lb ^-j^kjüsxj _ 

AE = Am.c 2 = m (Ni) + m (e) - m ( “ Co) = -0,00301x931, MeV / c 2 
AE = Am.c 2 = -2,804MeV 

Q = —AE = 2,804MeV v_s^ JaJU^SJI ^jo 0 J 0 I 3 ôI^j cjjjü ^ cl^jUI c^ILJI 
Q' = n # .^xQ 

Q ' = 6,02.10 23 x —_ x 2,804x 1,602.10 13 J = 0,4545.10 10 J 
59,5 
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. 49U9LII3 àJj£J\$ LS3JI5 (jaSLüJI J3^ yj^LoJ 

Qjj\jjj 3 />3JLc <àu»üJI <lüuuJI 

1 

jl> OuiÀjO 19 ù^ajJI Mjuo . cucLJa.^)\JI vS^jJ ^j_*juuJL) ^joLc cLà^sj (3 + JoLîuJI Jà>\b 

: cuJUI ^j59jJI <U.il&oJI 


19 


10 Ne F* + _îe + Jv 


19 p* 

9 r 


^ 9 f + y 


cL 9 lkJI Jüjj neutrino ,^ 0 ^ « àju9^ °v oî 


( gJI .. àuSjs> ëOlb _ ^LkSuûiSLuo cOlb _ g^3 ëOlb ) J^lâJI lÂü J\L> oJI cislbJI £ 3 ; 3_o> Lo _ 2 
t 0,822KeV Igjuo^s cuS^^JI qjâlbJI < 551KeV v^Luuü cuslb ^Jl^ol jûc y £UljJj\JI _ 3 

. ÔJJ 3 IJ 0 JI 0 I 3 JJÜ àu£jS*J\ cOlbJI Jjo^J 
. JxLâJI J\L> cLiajuuoJI qV 3 J 3 JJ 3 JJI cOlb 1 — 3 

clûj 3 jJ| ôJlû^ oL^L> Lo 2 _ 3 


2381 
92 1 


m(Î^Ne) = 18,99639u,m( gF) = 18,99346u : 

2 i jJjjoj 

238 > 03 jjlj 3 ^l ^U^a .9 qjo A Rn 3 2 ggRa QJÜJU 3 JI jjüsù 

. ci^jJjuo ctJLu^ 'JÿjSÜ hicl _ 1 

. oc Ojlslu Rn û 3 ^IjJI ô_xj 3 j ^sJl J 3 ^ju c^sljujuo 226 /> 3 j^IjJI 0 JU 3 J _ 2 

. ooàJI Iâü cthlax) ^_jj £| 1 _ 2 

. MeV v 226 c^l^JI 0 I 3 J a cjoxüJI { js: cl^jLJI cOlkJI 2 _ 2 

cüuSjJI qJLS m a cü\Jju ^ 3 JLuuJI CjOâJI J\L> cQs*aJuoJI a cüuSjJU cOlbJI Ec« >h^ 2 j jl> 3 I 3 _ 2 

cJb> v_svS ^>£0 J-oUI 0 JÜ 3 JI ol loJLc t oaÀJI cij^jLJI cOlbJI AE 3 6 jJ 3 ixJI 0 JÜ 3 JI qJjS m Rn 3 a 

( ÔjLilO J-A-& ) C La-JujLjuu\J I y^3 ÔJJ 3 IJ 0 JI ÔJU 3 JJI 0 I 3 03 ^-JuJ 

JxlûjJI v_soJI ^SlbJI { jjq 1,8% lu>flJ JjuoJ ôjJ 3 ^joJI ÔJU 3 JJU cu^pJI cislbJI EcRn Ol QJU 4 _ 2 

. gÜJÛLjUÜ I 3 

ôju 3 j v_sJ^jJ p 3 oc ch° obU^j^l ch° ^lLajuJLajü jjlc J 3 j*üJ ô^JjjLjuiJuo 238 /> 3 jûIj 3 \JI 0 JU 3 J _ 3 

. 2 °*Pb ^L^JI 

. 2 g®Pb <_sJJ <J<Pïj l&o üUi^j ^jJÜI (3 otïl&ij\JI l>_LC -3 OC oblav^l i-J-G 1_3 


2381 
92 1 


qjo clüLüuo3 4juLqJj oLülqj qjo ^lLiuuJLajü jj\ ^jvJLc g2 P & C>_Xj_^J l_S^1 92^ 


U ÔJÜ3JJÜ CLljuULjJIj 82 ^^ OJü^JI jlj-aji-JUül ^JULJUÜ JJLc 2 _ 3 

m( 226 Ra) = 255,977u,m( A Rn) = 221,970 : 

3ùJjxJ 

238 /> 3 jjL) 3 ^I ôJu 3 -j J3^^ju 


: qJLu^raJI <=Ü2 >LssjoJ I ^ljuuo P 3 oc 

:u^ 2 “Pb + xa + y(3‘ 


238 ^ 
92 


. y 3 X o^ol^oJI /xj P 3 OC ^juÛLiLSAJI tjJLc _ 1 

<jjo 10mg3 238- > 03 ^ 133^1 ch 0 lQ cuxj_xà clû_xs^ l 1 t _ 2 

CjÛLûJ àszLfüj v-SN-û^ ÔjJ^JI v-SvS ÔJC>l3ijoJI 206" Ô^Lo J5 ol ^DjjLÔJ < 206- ^LdjJI 

. cLJ_XaxxJI ÔjSZj^l II O 3 SU IpJojJLÔj t=0 jJjo cIjüuI û^J-N j$y 0 g/) 238- /> 3 jjlj 3 ^JI 
. ti/ 2 = 4 , 5.10 ans ! 238- > 03 ^ 133^1 ^_sn-cU 2 _juj\JI 33 -vJI ol LoJLc ôjj^JI ôjlû^ jjox < juuljujJIj jc> 3 I 













R 


M(Pb)= 206 g/mol, M(U)= 238 g/mol: ,^lasü 

4iij jjoj 

■ J^cLûjoJ 2 g2^ /j^ju 1^3\JI3 U /)5jûIj3\JI ch 0 JcuJL> Jjo^aOuuu 

Igjo^Loj ^j( 2g2 U j3-b^JjJI ^33j jlkxjjjül <jjo cLz)l3âJI qjo c^JLpJüuuuoJI cislhJI güJj _ 1 

: v-sJUI VS33JI JxLâJI cJ^Uixj dJUi>3 i 063^/30 

“U+Jn^^Xe+^Sr + yJn 

. y 3 x S: sv^s k^jujj>\ 1 _ 1 
2 g2U /)3jjlj3^l 0I3J jücLjJjül ôjJ3^joJI 33 lhJI i^juuot 2 _ 1 

JxLôjoJI <jjo 2 g2 U />3jjIj3\JI ch 0 ni = lg LpJ\JL> vdlpJOuuu v-S^JI ^LuuojJI ôJuoJI Jl>3Î 3_1 

. 15 MW v_s^ cüjAS ol LoJLc cu^l^àD LS33JI 
ül < L^JlCj^juü ^Q_âiO /)J v_SOJ I3 t />3jjlj3^l| jUcLjujül CUlSjuuoJI ob3jJ3jJÜ <J^uOJ _ 2 

: cuJUI É ^LlJI ^l^AJI ‘ 2 gzU /) 3 ^U 3 l usJ! 2 g®U 

238 (J + l n _> 239 y 
92 U f 0 1 ■ —^ 92 u 

69 j$j -0 JlS2J cOjJuJI C^jOukS 1/8 ^Ly£U c LuOyS Ol JCffcJ t 239 < P3£ j Ij3^^ v_SV-C- ls2_*Jü\JI JoLajULjJI c LjuüIj^ JlS2J 

. CUJLÛJ culju cLûj 3 ^ 

. 239 /)3jjIj3\JJ <^lzûJI qjoj 

Iâü jjulSzjq . 2 g^ P U ^i\ ôj3_)u J3^û sSjJI 2 ^Np />3 jjJ31jlJI ^jJJ J3^*üj — 3 

: v-sJbJI sS33JI JxLâJI cj^l^o 235 i ^>\JI 3^ \j$kujj >y>\JI 

2 ^Pu + *n ^ ^Mo + 13 5 5 2 Te + 3jn 

Qj^jjuoJ I ^Isjjl CLS 2 jyLb (juulO 2 ^PU ^jJJ 239 /> 3 jÛIj 3 \JI Ü 3 >iJ cJ^U^joJ l-L> 3 l 1 _ 3 

2 _ 3 


■ 2 Ç2^ j 3k> juuJI c OljuJÛ <JjO >yi 5 u 


235 U 

92 u 

“Xe 

9 xSr 

239 Pu 

94 ru 

235,1240u 

138,9550u 

94,9450u 

239,1344u 


5^>oj 

. Th /> 3 Jj 3 iJI 0 JU 3 J 3 oc cüijj^ v_svl^J 238 > 03 ^ 0 l^ 3 ^J I 0 JU 3 J CjjJljj 

LS 33 JI J^LâJI IJlü> cJ^Ls^jo ^jjS\ — 1 


2 

QuSy> c\s[icu ^JSLi uu OC ^ïlSjJI <jjo ^U9 ül \joS i cLyjuuLuu^JI L^jJL^ 

■ ^cmax( a ) = 4,195MeV cü 3^3 coLIoj cosLyu lSj>Î ^3 E cl (oc) = 4,148MeV 
/> 3 jj 3 jJI 0 I 3 J ôjb[ cisLbJÜ E' v * /> 3 ^jIj 3 ^I o^ ôjl>I 3 0 I 3 J CjüJü cooLJI cislbJU E v 

. a cüLijJU co5>^JI cisUail E c (a) V 1 ôjJ^JuoJI 


ojü^j ciJU5 m(Th) 3 a ^sjJI <iJL5 m(a) 


E-E' = E c (a) 


1 + 


m(a) 

m(Th) 


Ol ù+j 1 _ 1 


. O^SLjjj cJL> (_sn5 -0>3j _/ 03 ;«jlj 3 \)l ôl^j ül >+isjj . àjJ^jùoJI 

m(Th)=58,8m(a) 3 c=3.10 8 m/s: ^süasy c*j^dl lJuî> eoLJI qJLSJI Am cu^üJI 2 _ 1 

. lMeV=l,6.10 19 J 3 




















R 



Ra 


CUfiJ^JI <JJjljOüJI ^UXiâJ 

1 

jjuUjjJI jJôjl — 1 
! 226 /)$ j $\ j }\ ôju^J CjlIàJI cj^lao 1 _ 2 

22 *Ra^ 222 Rn + <He 

226 C^ljJI ÔJU3J CjlIàJ JxLâJI R 3 lb 2 _ 2 

AE = Am.c 2 


= (m ( 2 8 2 eRn) + rn (a) - m ( 22 *Ra)) .c 2 

= (221,970 + 4,00150 - 225,977) .c 2 
= -0,0055 x 931,5MeV 
= -5,12MeV 

cL^jUI cLSÜaJI |AE| jc>b 3! Q = —AE v_sv-û> JxlâJI ÿX Rj^jUI q 3 lkjls ôjlj^JU j-aJÎjU JxLâJI ol Ioj 

. JxLâJI 

3.2 

Ôj$y> cislb ^sJJ J3J^li Qszj\±}\ RÎàlhJI ÛI3 . JxlâJI J1^3 JxlâJI JjlS ^C3joj*joJI cUjOsS -blsL^dl 

Û3^ljJI ÔJU3J3 OC ^IsjJI <jjo J 5 Ig-ûiSu J^clâjJI -Vsj 
: LujJ cluo^ JôLôj^üI 

p(Ra) = p(Rn) + p(a) 

p(Ra) = () => m(Rn).V(Rn) + m(a).V(a) = Ô 
: i_sJLcAJI <pü ^>5 jo Oz jçptoJI ^sJLc R 3 \laJI ôJiûi iasuujj 


Rn 



He 


?(a) 


m (Rn) .V (Rn) - m (a) .V (a) = 0 => V (Rn) = 


m («) „ 

m(Rn) “ 

Ü3il_>JI ôjJ^JùoJI ôlcpJU Rj5>> RSlIa S cJ<p«J RjïjLJI RSÜaJI 

: a 4 üj3jJI3 

|AE| = E c(a) + E c( Rn ) 

1 
2 


|^| — (°0 + -, ^Rri'M^n 


v 2 = m ( a ) y 2 

Rn m(Rn) 2 “ 

, ^ , 1 m(a) 

AE = E c (a) + -m Rn .— y — L 
4 m(Rn) 

|AE| = E c (a) + -^i.m(a)V„ ; 


V 2 

2 a 


|A E | = E c ( a ) 


m(Rn) 2 

m(a) ^ 
m (Rn) ^ 


1 + 


M“) = 


AE 


1 + 


m(a) 

m(Rn) 



















R 


Cil sSl 1,02 Cil JqeJi9 


1 + 


m(a) 


CLuuüüJ I V 4 2 


m(Rn) 

E c (a) = 0,9801AE| => |AE| - E c (Rn) = 0,9801AE| 
E c (Rn) = |AE| (1 — 0,980) = 0,02|AE| - 2%|AE| 

P oül&ij\JI ^ 3 x 3 oc oüUlj\JI ^jlc 1 _ 3 

I P oIiIrÇ\I| ^JlC 3 OC OÜl&J^I 2 >JlC Y 3 X (jAjJ 
2 92 U ^ 2 82 Pb + X 2 He + Y-? e 

238 = 206 + 4x => x = 8 
92 = 82 + 2x8-y=>y = 6 
P oLüloj 8 3 oc oLüàJ 6 Ujlcc ci^SLüuj v_sJLJIj 3 
U ÔJü^jJU cÇuuuJÜIj Pb ÔJu^jJI jl_>ftjL«jjl ^Ju-Lssj 2_3 

! ÔJü^j JAJ c C_A_U_xJ U CÇuuUjÜI CljLsÜ 


N _ 124 
Z “ 82 
N _ 146 
Z _ 92 


—1,51 ! Le jJ 206 ^LjjJI ôjli^J ^ÇjllûJL 


—1,59 ! IùjjJ 238 /53jjIj3\JI 0 JU 3 JJ cüuujuJIj 


238 

92 


U ÔJU3JI OUD IJjü^ul j£\ 2 “Pb ÔJU3JI ùl J\ ^( 2 82 Pb ) <^( 2 92 U ) °î 


Z uJj-Ou 

2H6 s>$+LjJ\ ! oc i (3 3 a jJI ^_9_^sjJI 1 

_5e : oi^Jl p- 

! lS^3_*ju Ü3-il9 

238 = 206 + 4x + 0^>x = 8 
92 = 82 + 2x - y => y = 6 

! ^j-aJcjcajJ U _ 2 

cdLUI ôJlû^3 ch 0 lQ sS3^J clIcl^JUI v_sv 9 PjI JxlàiJU qJ^lsjoJI 

N c c 

qjo lOmg ^sJ-c < 331^3 N = ^ ^ .m ol ^sl . t clLi^JÜI jul£ J^oj 


^jlc 0 L 9 ^ s sJLaJLj3 N = 


N « c 

—— ! -—-.m üî <*sl t cüâj^JJI J\L> cü 3 iuoJI v_s^jJI l\T Jjuoj ciJLSJI ôjlû^ t 206 
M(Pb) 

: v_sv^ t—O cÜâj^JJI v_sv 3 ô^3j>3joJI ^53Jl 


N n = 


n a 


.m + 


N. 


M(U) M(Pb) 


.m 


/ 1 'n 

M M 111 111 

N„ — N A-1- - -T 

0 A ^M(U) M(Pb) 


! v-Sv-cLsz-juj^JI u^tSLJI Ü3JI3 £^\JL|ûuoJI 238 PjljuuJIj 





















R 


N(t) = N 0 e-“ 


N a t^t = N a 


N(t) 


N, m , N a 
-.nrn—7-^—-.m 


M(U) M(Pb) 


.-/.t 


M(U) 


m ( m 
M(LJ) + M(Pb) 


-w 


m 


M(U) 


r , a 

m m 

+ 


% = 


In 2 


V M(U) M(Pb) y 

f 

m 




4/2 


M(U) 


m m' 

+ - 


M(U) M(Pb) 


m 


M(U) 


m 


f , A 

m m 

+ 


In- 


M(U) 


M(U) M(Pb) 


m m 

+ 


M(U) M(Pb) 


In 2 


4/2 


, In 2 

t =-x 


f f * W 

m m 

+ 


ti 


/ 2 


In 


M(U) M(Pb) 


m 


M(U) 


, In 2 

=> t =-x 

tl/2 


In 


1 + 


m' M(U) 
m M(Pb 


AA 


: sS^jlc 

. t=7 ; 45.10 7 ans 

. y=2 3 X=38 ! l _sJLc Ji_S:> 3^3 O 3 JI 9 JjJoj 1_1 
: jÜojuüü\JI IÀû> (>C ÔAJ 3 A 0 JI 45ÜaJI 2 _ 1 

“U+Jn^^Xe+ySr + Zjn 

AE = (m(Xe) + m(Sr) + m n -m(U)).c 2 

AE = -200,6MeV = -3,21.10 11 J 

! 235 ch 0 lQ lgJ\b> dJUL^jüuuu v_sv^JI ^tuuojJI ôjuoJI vL juul> 3_1 

c c . w 

: I { jjd lg Içszjjü ^Jl cisLLJI W ol <ôu oj 3* — — : ol /jJLsü 

At 

lg oî dJLlAS /xlsj 3 Q = —AE = 200,5MgV = 3,21.10 11 J qjuckx 9 Lo çüjj 0 J 0 I 3 ôju 3 J ol /xlsj 


w = n a . 


m 


M(U) 


AE cAl N = N a . 


m 


a 'M(U) 
At = N 


ûl CjuOzj <jjo ÔJÜ 3 J N 

m 


AE = 62joursl6h : ^sJLJ^ 


A M(U).5> 

: 239 1^3^!I 0 JU 3 J ^l^ûJI ^jcxc v»L juul> — 2 

; LujJ v_sv-c:L s2_aJj\JI JoLujuJI û3jls v ljuul:> 

























































R 


oLiaaoJI t cJâj^JUI /> 3 jûIj 3 \JI ch 0 v-S^jJI 3 -Q> N ûl cLuptj N = N 0 e 


-xt 


, e N 

: ùl tsl t=69min 3 N(t) = — 

8 


N 


'0 _ 


= N n .e 


-xt 


In 8 = Xt 


8 

3 In 2 = ^-t => t,, = - = 23 min 

t 1/2 3 

4/2 J 

4 ùr?.j£>J 

'. 1S33JJI J^LftjüI cJilsiO _ 1 

2 92 U -» Z Th + 2 He 

A = 234 
Z = 90 

A Th = 234 Th 

Z l l l — 90 1 11 

: co^JJojoJI ci 3 \ 1 slII chuûJ 1 _ 2 

ôjJ^^joJI 0I3JI L^-iljuuüSu cisLt> ^jJ| J 3 ^ü 238 ch 0 0J0I3 0I3J CjulûJ ÿx cl^jLJI c^LLJI 

OC clûj 3 jJ|^ 

ûl L^jlSuoj v_s^JI 0 C ^JLsjJU cU3^loJI QjSpdl qjâllaJI <jjo I cislku Cj&jJJ OC ^JldjJI qjo 

JxLâJI IJl^J cu 9 lbJI Û3iüuJ3 ( ciSÜoJI JaJai*jo jJcül ) co^Luu\JI v_sv 9 />3jj 3JI ùJugj 

! v__s\JLjJI JS^ûJI ^jdc « 333 -JI 

|AE| = E c (a) + E' + E c (Th) 
Ô = m Th .V Th + m a .V a : LS 33 JI JxIâJI J\b> à^s JôLôj^üI 

ùlssl ( üLudAUjijO LcXûiL^JuO Üt&Jj-lüJ /)£jJulçJ\ 0I3J3 6I3J ) J^ScX) ,_S\JLc 49 \ 1 &JI JaiLuüÜ 

0 = m Th .V Th - m„.V„ => m Th V Th = m .V 

Th Th a a Th Th a a 


238 U 

92 U 


E c (Th) — ^ m Th V Th — ^ m Th 



n\ -Vg 

m Th J 


E c (Th) = -^E c (a) 

m Th 


cüüLjJI ci3\lsdl ^s3 


|AE| = E c (a) + E' + E c( a ) 


E,=0 


|AE| = E^E-E' = E c (a) 


v m (Th) j 

LujJ ciSilaJI JaJaiïjo AlTI cUx*S JuJc^j 2 _ 2 
E ' = E Cmax (a) - E a (a) = 0,047MeV 


E = Am.c = E 


Cmax 


(a) 




m(a) 


v 1 + m(Th) 


+ E' 


=1,017x4,195 + 0,047 = 4,313MeV 
Am = 4,313MeV/c 2 = 1,150.10 -29 kg 
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RC v-jJslpJ I , cv 1 1 * 

Dipole RC 


Condensateur iàjüüoJI -1 


. vÀaSloJI j-Oj$ lJUjSÜ 


s5y LLaj^uüI J jlc Lo^JuU l JuZ3_QJ £ Lo-^_ajCXjuUÜ é Q-aJL LqJuO ^JjO O^SlaJ é V. a !o 9 v_S^jLu V_QjlSuoJ I 

V ^ûjlSuOsJU JjO jj 


K 



| ( JJ | ^ 

OmJ y^Ü CUujIj^ 

. V^jlSuoJI v_SOuü^-J v»50uL>ljuü Q-*J Ô 9 \LsJI ! 1 JoLjuüjJI 

. CLuL^ JIjuûJI v*_5\S ^JjLOjoJI jJ-fcJu 

QuJojjjo ^ÂjîSuoJI ^\jB\/ yj ül Jsij jLûJI gJolS 

. Js\JI vjOLc ÔJL>l3 ^Lùb ÔJuoJ V^buo v_SVJ03l JuZ 53 jO v_sJcu >oj 

l jLoJüüujI 

jLoJI jLûJI ôJuJj3 ^qJlSÎjoJ I v_sÜcüjjo ijuu jJ3-jJI j-sâju uü^S_ 1 

T ôjIjJI 

0I3 ôjIjJI v_svS v-sJl^S jLü j3-pib ^o>Vû jlÿJI g-bl 9 J^lê Jûe 
. UaB=E £uu£Ü ül UaB 

S 5 vj U^SJI jUI ^JSj^liuO 2 JijjJI V-_JLA^jJ ^jJLc JjuO — I — 2 

. oli3^>Ji£J\JI JLajul l _svj^Ju03 

B 3 A Q-a-juü3-«JUI ^_S\juL^_juJ Qg 3 Qa v_S^JjLajü| (^UuuLjujI _ 

. I^jïSüoJU 


V 


e- 


K 




1 



— *> — <- 

e- 

R = 10Q 




Ae- 

A " 

+ -- + 


% B 


B jjju 3-JJI 3>ü A ^jju3jJUI <jjo ob3jjiSJ\JI viljJfcju jLûJI &Jol 9 ,3!^ Ju-C 
A uju^I qj^ijuüj v»jljC> q-a^juj3-JJI <w 5\JLc jsSIjJlj v_syUoüjLjuj 1 JjLe ^>3^3 
C|B ^IjJLjuü CÜL^ljJjU B ^jjU3-JJ I3 C|a c L«l^' 3 j ® 

<juU Joj^j uS^jJI Lo t JôÀJ^Ju cLub^SJI cLL^juuJI ûl LoJLc _ 3 

S" qJà^J JS _ue C|b 3 C|a I 

C|a=" q B ol lsI q A +qB =0 ol9 cu^^iJI ol Loj 
cikt^J JS v_sv3 t <*-ûiSuoJI v_sv-wJ3-J q B 3 qA ! 0*0)^ 

■ q A =- qB ■ AèUsJI 

: kjujsù 

sS& viûSuo \SsB Oj^jâuoJl ÇÜJ^JI <Ua£ $1 viûSüoJI Oj^sjuü 

L^jJl>33 Q u lÿJ jAjid . vÂ^oJU v-a.P'^joJI ujj^jJUI qj&lmj 

(O^siJi 


- Q—+C|a—"Qb 

■ j LuJ I ojl ajj $ cu^ûJI ^jjü A3]SüLsJ I _ 2 

! A ^jjü 3-JJI ^jJO ^J->*Jü ÛjuC> j LûJ I ÔJuuijJ 1x^3^ v_S v ^^ u0 jbjiîu 
i>0 ül9 jLil^joJI ^JNJ^uuoJI V_sv3 jbjbl >OU LoJûe _ 
i<0 ûl9 Is2joJ I ^JN^iiuoJI \^3 J LuJ I jJOJ LoJülC _ 

CLujj> cLuuoj ôJuo J\b> û3( . ^jÛLôJLl^jO L^jL»3 jI JlQjo JI i ^jUÀJü ^xjuJ^aJUI jjSZjJ Jl < -LajO^S Oj 

ol ûjupfcj dq B v B <jju 3 jJUI c Ll^ljuj 3 dqA v A <jju 3 jJUI jjs&j dt j^zJI ^_sS cl^Luuo lsI 

. dq A =-dq B 

! dt CLuuOjJI ÔJloJI i^jJLc A ^hü^JUI o^bjl v_5ûJI dqA îbj-3^-11 i(t) jLûJI ÔJuuü v»9 jSD 


i(t) 


dt 























































R 


A <p*j i(t) 

! oIjo^JI 

. (A) jjuuo\JU i(t) 3 (s) ôjLJIj 1 1 (C) q A 

cJb> v_sv9 ! jJOüuuUüdJI jLuJI qJ\^ i ôJôq^JLd 

33 \isdl £uu£ü (I=Cte) jlÿJU Jjuo^jojJj^o cLb_Juul 3 J uüSLoJI 

q A — LAt ! v_S\JÎ> oJAjoJ c Ul^_juJ3 jLuJI ôJL juü QuU 

■ CU^UüJI ! jJjJlj CU^UüJI gJÜ — 3 

2 jvj^üJI JdLaajuJI 

. Ou b jbj ôjljJU £uuou ol cLkSuOJ jLûJU JjLx> 3 j 0 AJ 3 JO cUjJftjJI ô Jlûü v. 5 ^ <Jj03iii_juuu 



K 



I—100[jA < ^jcxjjlJI ^jJLc JJ 3 J 0 JI Lp-^juou ^oJI jLûJI ôjuuj Joju^u 

ôJuoJ v^buo 0 ^ 3 ! J-^ 3 jo v_sJcu>ou c \jJcl)jjo J^ûiSuoJI £j£j 

. Jî)\JI ôJû>\$ Club 

. c LuL> JS^ûJI ^_S^9 JjüOuoJI V^jlaSjjJI jS*LÂJ 

■ V__A_ÜjuOv Jl J^jJjü 3 jlûJI &bl9 

guLîjJI O 3 JÛ 3 £ OI 3 JIO _XS 2 J OÜSuoJI i_sJcu >0 <JuU {JJlLkSÜ 

! v»sJbJ I J 3 Jl^ïJ I v_S^9 


Uab(V) 

0 

2 

4 

6 

8 

10 

t(s) 

0 

4,3 

8,6 

12,9 

17,1 

21,4 

q A (c) 

0 

0,0043 

0,0086 

0,0129 

0,0171 

0,0214 


q(rnC) 


. ô\bcl J 3 _)c*JI \Lo /)uojl T t cnoj-Hs oüSLoJI qA 0 ^ Lo _ 1 

. qA vL juUL> Js-JptJb ô^^jûoJI /XjlüJI <jjo q A =I.t 

. ^ou\Lo ^oJLjuü jLuLJ>b qA = f(UAB) J-juo _ 2 

. cLuuobjJI cuJ^U^ 'v_jûlSI cuJLc JuZI^joJI I JiLjO 3-û^ Lo_3 

0IJ03U v_s^JoJUdl yDLLi>jJI v_sv 3 <3 jJl>3 v-S^ Lo ,^\JOfcJuoJI Ijl^J <^j> 3 joJI JjoIsxxJU v-SvjbjjjjJI J3JJU0JI 3^ Lo 

! V^UI JiLoJI ^jJLc V^jûiSu CLuiob^JI c üJ^Is2jO O QjO jjOU /XjjjJLjuUUO ÔjLlC ^JSLiuj 

<qj>3joJI JjoIsjoJI K £ qA = K.UAB 
K=2,14mF \ c iju0uk9 yookiOjuüuoJU 
ClJ>3X)JI JjoI^joJU v_SVjbjuLÀJI J3JJU0JI 
C V LpJ OÜSuoJI CLS2 -*jU JjuOU 

: £uu£Ü ctu^bjJI cis\lsdl ol lSI 

q A =C.u A B 

v_svjoJUÜI />UôJI v_s^3 C ôJl>3 
F ^IjLôJI : v_sv^ oIjl> 3 JU 
: ^LâJI çlp4 
mF=10 3 F 
MF=10 _6 F 

f9r 



nF=10 F 
























































-> 


C, 



c 

A 


U 


AS 


B 


* 


. OUuSuoJI gjWOCÜ — II 

iSjljJI i_sJLc uuSjJI _ 1 

q = q A +q B ^1 = 11+12 

q = Qu ab + C 2 U AB 
q = c.u AB 

C = C x + C2 


11 

C — Cj ! ltî>2>_LC- OlS Lo^jO t-Sjl^iJI (^JsJLc c LkSj jO olojiSjoJ Ù \ Q) JOJOSZJÿ 

1=1 

_<-SOO Jjgj (JjjjJcüj 1 ijSuOJ JJJ 1 S 3 . l_Q-iSOO _jJ<ÿ JulC A&juuJI tjJLc V-jjSjjJI ÔJüIs 

. ôjl> ^^JLc v.qjJLo JS \) -là ûjjjS AJU^gS cusuju ,_sJLc Jç)..^.^J I (jjo 1 

l5\JIojJI i_sJLc uuSJI_2 

A Ai9Loj O^jlà ,j)Ja.» 

B 3 


c T 


(7 


A3 


£> 


B 


_ A 
_ *— 


O n 




B 


<r 


ü 


ü 


AS 


A3 


^AB — ^AD + ^DB 
U AB =- = — + — 

AB c c 1 c 2 

I-JL JL 
c “ q + c 2 


1 n 1 

- = Y- 
c trc, 


L^2>JlC OiS LcX^jO v._SvJ I^jJ 1 ,^sJLc C L/Sj jO oLqJSjoJ ^oljuULâJ Lj c Oïi ; aJüJ I ÔJüî) fijysz 


jl> IjJ^j gjo t Ijl> ôjjüz) 1 ^-ôou.s clsljuü ^jOLc { jjo <jSjoj ■ v-sJI>JI ^jOLc ôjJL 9 

.\Jjüî2jo uqJSjo JS jjou ^_ç)* IqjoJ I ^j^jJI ^jvJÎjü LoJuu £ ôJl> ^jJLc kjaJSuo JS ciJLoc^ju \J A 9 v^svJlc 

■ jj$j Qjj >J RC «hJslaJI v5\jLj ^ubûuujl — III 

UVjÜÜ — 1 

. C QJsljuj v_ûîS 003 R <qjüo3lajo v_svjo3I J-^3joJ v_svJI ^sOLc 3^ RC v_joki 9 v_svjLâj 

! <juu ll(t) cLuU jÿ£ ôjLujj v_S^ ÿ$> 

: v_s^ LpoJ^>Ls2jo3 jj3^JU ôjlcLz> clJj _ 

1 JSLjuüJI u(t)=E : t>0 J OjumjuJU^ u(t)=0 : t<0 J cLuuüùJU 

! v_s^ L^jJ^Uzj03 jJ3jJJ cjjb clJj _ 

2 JSuuüJI u(t)=-E : t>0 J 4 juuuuJIj 3 u(t)=0 : t<0 J ^juuuuJü 


àu(V) 


A u ( y ) 

E 


0 

1 J^jJJI 


t(s) 

-> 


0 

2 JSJjJI 


t(s) 

-> 















































R 


&JolS . V-jjujüJI ^/X-juüI j v^Ssi^JuOJ QuJcLUjjO V 2 3 Yl û^>^oJI 1 ^ J^-jlüJI \^s3 JjuOuoJI jJ%jU 

JuZi^uoJI ^svjL^juoJI JijJu cJL> JS v_sv3 .ku>\L)3 . 2 g^o^joJI v_sv9 cS>>l ô^>jo g*aj /xji . 1 g^o^joJI v_sv9 jlûJI 

. qJLe 


fX 


O 


0 


u. 


è^rco- 


A 


u r 


1 fe^QjpJI 1,^3 jLuJI ftbl3 foflü — I 

/xjouIjJ Yi J>JuoJI ^s3 (^jJ Ls 2 joJ I jj$jJ I 3 -& Lo _ 1 
. CljJ^I^O C_jûSI v-V-^JI 
Jjüo^oJI jJ^joJI v_sv-^u>o ch-^ ÿ9^\ <jj^ Yi J>JuoJI v_sx3 

Udb = E jjl^jJÜ 

: clJL^UuJI <=U-^LgjoJI _ 2 

T Y 2 J>JuoJI ^s3 qjLsjoJI 3 -& Lo 

v_sJojjjo qjj t Uc I <jjU*j Y 2 J>JuoJI v_s^9 

cjüSLoJI 

ul cSl t ü^j^uujuo jjlù c-ûjSjoJI Ü 3 SL <. ôjIjJI ^JLc julc 

. LoJ lS 2 juO QjJcUjJO \J-aJ jJQjJI 
êuJzjJJ \UIS jjÜSZJ t — 0 cÜâ^JUI <*_sv9 ôJjJI ^isj 

4 JSLjuûJI ^s3 cdLuoooJI ôjIjJI j^jOLc Jjzu*û3 

! ûl { jjlj oljJ^jJI cUSLol O^jls ^3jjJaju 1 _ 2 

RC^ + u c =E 
dt 

ôjIjJI v-svS t cUàsJ v-svS v-àiioJI v_sJoj_)jo ( jjj Uc(t) _>j_ 9JÜI IgJLa^ej v_soJI AJLolàjJI 4J:>laoJI JjLoJ Sr^b 

. OJlcLs CUJ>J 4»JoL> RC 
: LujJ ol^^jJI cu9Uo| o^jls 

. U = E ül viApt. u R +u c =u 

i(t) = — — ! a1JU_xS Lj JJ3 1 /J3I O^jlS v-jlji. 

dt 


3 JSjüUJI 


B 



u R (t)=Ri(t) LujJ 


i(t) 


c dUç(t) o j = Qu c ( t ) 3 


dt 


! cÜüLuüJI C|JJiLsajoJI 2-y£Ü i_sJLJIj3 

Ri(t) + u c (t) = E 


RC^ + u r =E 


4 J£jjüJ 


dt c 

<uJL^UuJI oJ^laxxJI ■ 2-2 

: v_sJUI JijjJI ^jOLc 3^ ^JLblâJI cj^lsxdl ôjlû^ Jj> 
. l&jüjcfcj e^Loj CJUI 3 J x 3 B 3 A ol u c (t) = Ag xt + B 

B CLÛUI3 X CLûlJI £ cuJLblâJI cJ^IsjoJI ^_s 3 Jj=JI I_)lû> vÀj^süj 

: cuJL^lôJI cü^U^oJI v_svS J^JI Iâü i^o^szj 

du ^ + u c = E => RC.(-Axe“ xt ) + Ae“ xt + B = E 


RC - 

dt 

RC.x = 1 => x = 

E - B = 0 


RC 
B = E 


1 

T 


u c (t) = A6 t + E ! v-sJLJI JfLàJI ^^JLc qJ.^>LftJI AbUoJI OÿSj v_sJLUU3 













































R 


■ t cJ\Jjü Uc(t) Abl&oJI güJÜLuj^ ■ A cUjbJI Uc(0)—0 cUjJlJI _>JuJI jLicly 

olkcaJ (jjo t Ak»J tSl i_sv9 AJLâjuo AJIjJI ù<£J l_Lâ>3 i Uc(0)=0lüjJ ô\lcl cuJjuJI Js>3_>juuJI jLjlcU 

Uc(t=0 + ) = Uc(t=0') = 0 . t=0 cüàsJUI Lç+9 Loj vjü&oJI JjÀjulÜ 

u c (0) = A + E = 0=> A = -E 



u c (t) = E(l-e ') 

j-bül ) QjjStüJI J\Jj> ciJLc JuZiJ^oJI ^svJlJ^uuoJI _ 3 
JàJ v_S^jJI c IajuOI cJ^UixJI ^JjuOJ ( V—<> 4 JijjJI 
cLqjLuuJI cuJLblâJI cJ^lajoJI Jj> £ Igjj 

t 

u c (t) = E(l-e T ) : usJLJI JijjJI ^ 3 . 

! Quuoüôj .^>3 ^svJOOuoJI jjjj 1 _ 3 

Uc(t) jjSüj ! v_sJLfijijl /)Uôj 

. àjj Ü cUJo ^Loul 9 ^jJj jJ3jJI ! /)Jl^ />lkü 

■ ÿAjoUûjJI ÿj X0^ ûLjuoJI 1 5vJLc 
t J33J LoJulC Uc(t) CLO^S U C (oo) 3 u c ( 0 ) O 2 _ 3 
OuuU3 £ RC c_jJaüJI v_$vjIjuJ <jjojJI T ^jvjOs-juuü _ 4 
. T = R.C ul cUjJôJI cUjüIjJJI 

Q-C ÔjLlC T Ol QuU ^Ls2j\JI ^U^lsiO JIxXSjLjuüI j 1 _ 4 

■ o-°J 

t=RC i ijo jJI cüjU 

: C_ûiSjoJU ^LiljulLiJI j ^Ud\JI cj^lax) <^ljuUL> 

,.c*i«c-ÉE 1 

dt [V] 

! v_Svj 03\)I l JuZ>3-^-U ^-U-juuuJ U 

-M 

DG 

R - c = ^- ] -^=ïï Ms^Jtdb 

. S CLùLJI ! £^5^ c ÜA^> 3 £ RC c_jJaüJI v_SVJ LiuJ <JjOjJI CUjbJb ^UjOouüU . v-S'-iuO j J12J cj T jIjlQjoJI 

. t s^Luüj R.C cIjl^JI cu^jS ol <jjo 2 _ 4 
. t=33s ois oLuuoJI c_jljuuc>3 RC=33s v^uuo ju^c 

. U c (t) ^JVjl^OjoJI JjuOJ v__SOJI cJIjJI jjuSD _ 5 

.E cJ\Jju u c (t=x) 1-5 

u c (t) = E(1 - e 1 ) = 0,63E 

. T JuJCSej QjO Q^uOJ c OjLuuO ^ÜjuLjuu* I 2 _ 5 

. 0 , 63 E VSO^I 0^3?! S^jJI J^ziS^JI 3_û> T ot 



u = Ri <^> R = 


^jjo q^uoj 4juÜ ctuLyoo cLqjjJo ÇOJLOuül ^oj £ E 3 ^ ^U\Jju t—0 JulC- 


du c 

dt 


v3b2-0ûü\JI Q-C 3_5 


. T JuJcO 





















































































































































































R 


^ du c 1 = Ë t t=0 ^9 Uc(t) .j^JuoJU ^louoJU O^oJI Jx>UxJI Ji*>J ^ ' dUc 


dt 


/t=0 


dt 


/t=o 



t —t cdô^JUI v_svS t u c =E vjLqjoJI t—o cdô^JUI julc Uc(t) ^^jOOjoJI <jjuIojo gJaüj 

. QJ^LjÛüJI jLj ÔJUuU JJUiSU _ 6 

! v_sv^ _>J3jJJ CLÜ>J RC ÔjL \^3 jloJI v_Svjlj>£ÜI jlûJI ÔJUuU ol yJjJ 

i(t) = —e T 
R 

RC vjJaJül i^Lj in^v3 jloJI i n sOU>p^JI jLuJI ôjuuù jju \su 

ol JoJsï) 

: olà x = RC &o u c (t) = E(l-e"^) : ùî U, s i = ^ = C. dUc 


U, 


i = — = C.-^- = CE(0 - 
dt dt 


1 

-e 

RC 


dt 

tA 


J 


dt 

E - 

= —e T 

R 


u f 


2 R^QjoJI L5S3 iLuJI R-bl3 fLûJ - II 

V^l ^ v-V-bJI Yi Jj>JuoJI v_sv9 <jjU*joJI jj$. jJI 3 _& Lo _ 1 

. cuJ^Islo 

u R = Ri : /> 3 l o^të uuujl> 

? V-V-^-dl Y2 Jj>JuoJI v_S^3 <jjIs2joJI jJ$ jJI 3 ^ Lo _ 2 

vÂjlSuoJI v_sJcü>0 <JuU >J3jJI i Uc>J3jJI <Jjls2J Y2 J>JuoJI 
J-^15 2 g-^ 3 joJI v_sv3 jLÿJI &-^3 1^9 yoJ v_soJI cilàj*JUI 
v_s^ ^âiSuoJI 03 SL; Oxjj> 5 JijjJI ôjb ^^OLc J *æczj3 (t=0) qjj I 3 JJ 

. (Uc( 0 ) = E) U 3 ^uJuuo cJbJI ÔJuî) 
; ol qju oljJ3jJI cusLol 03*19 ^j^juJcuj 1 _ 2 

du c n 

t—— + u r = 0 

dt c 

ôjIjJI v_s \9 t cLbt^J J 5 v_s^ ^âiSuoJI v-S^-bu^o ,juu Uc(t) >j>JI v_soJI AJLblâjJI <=U^>LszjoJI JjixxJ 

. RC v_sv9 J\t> RC 
: LujJ 0 IJJ 3 JI cusLbj 03 JL 9 

u R +u c = 0 


Ri + u c = 0 


I = 


d q^ ; _^ du c 


dt 


RC 


dt 

du c n 

dt c 


OjJL^IaJI cibl&oJI 2-2 

OjuI 3J X 3 B 3 A oî Ojupt; U c (t) = AG Xt + B ! v-sJUI JijjJI 3^ cLJLolâiJI cthl^oJI ôJlû* J»> 

. L&JuJcO <j^uoj 

. B CLÛUI3 X cuûtJI t cuJLblâJI cJ^LaoJI v_sv 9 Jj*JI lÂâ 

: coJLbUjJI cJ^IsjoJI v_sv3 Jj^JI IJlû> 
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R 



vâjîSuo J\L> v_svjIj>^JI jlûJI ôjuuj ol qju _ 8 

E -- 

i(t) = —G 1 ! v_s^ Sr^sî ^3 

R 

Ol /ylsL) 

S* u c (t) = Ee x : ol U* i = ^ = C.^ 
c dt dt 

: ois t = RC 
E 1 

= -^-e T 


■ dq „ du c 

i = -r 1 = C.— 

dt dt 


i_svS <JjjSja gj_>sü U\t> v_s0b_>p5JI jLjJI ôJljJu 

! <_svjî> i_svj 03 I 


i(t) = -—e x 
R 



dq _ r du 


! ois v_snJL*JU 3 i — — — C 

dt dt 


c ol 


. uuSuoJI \S3 qj£>âjoJI <33lbJI _ IV 

iSVüjjfejJI — 1 

! cLu t> J^ljCüJI ^_s 3 JjüouoJI v-Sy^ij-^jJI v-_Aj»^^)jJI jjüsu 

. 'JJOÛOjüjoJI Jj $.jJI jJ^jO q]cUuj\$J <_ûi£uoJI <JJ*uuüJ 

: 2 g^xJI ^jJJ KjLjJ\ g_bls Qs>jj 
T J co\)ù Islo 

cLalaxxJI cuxIaxxJI cdLSJI ^55^3 dljj^uoJI JIsoJjI ko\)û 

. viljj^uoJI ^3>o ^93-aJLo JaoJ> c Üq-auü I3J 
S* CLtL>\LoJI ôJ lûü ^huulqJ 

g^3 qslb IgjLuuü^ <=OoJLs2joJI cdLSJI ^35^ >ajulûj 

<*jüSuoJI lgjJJO>l v_soJI àuu\jjjSJ\ ëlSlIaJI cuJLfij 

. cLuil 

Ôuj\jj$S Cl9lb <jjO Q^jOsJ vÂjlSuoJI ol güüuOjUÜ 

. cL>bdl JuoC I^JLcxsiOuül JoZiS 

. uuSjoJI l5n 3 qj^jâuoJI ISlbJI jjuAî - 2 

3 * = u c .i : v_s^ uiiSuoJU cO>3juouoJI cujUj^SJI ôjJlqJI 


_ du c d fl 

c dt dtU C y 


ôjJlqJI Ol /xIsj 3 


9=^=>$ e =| CU C +K 


dt " e 2 e 
K=0 ois u c (0) = 0 Û3^ujjuo jjlÎ: uiiSuoJI O 3 SU LoJuoC ^ e (0) = 0 ot jLicb 
! V_S^ ^ÛjlSuoJI y r s3 CÜ3jjiïuoJI CLuU^SJI ClSlhJI O 3 SU v_sJljJlj 3 

1 


t 


CUc 


cÜLo^Ouül <jjO <j^uoj cu>bdl JuoC l^xL>>Ouül cUjl5uo(3 v_ûîS uo clLljuüI 3J cLubj^SJI ëlSlhJI CU-^L> 

ôjjoûOjuuoJI cluUj-^SJI cujiâjJI t l^JU RAM cluoLujJI ôjjUajuoJI ô^SIüJI \JjuosS àj^A ôjlc ^_s3 

*£ld JukâjJjü { jjo <^aiSuoJI ^_s 3 cü 3 >>joJI cisLLJI <j^uoJ OjuC> A* 3 [>C 3 j 3 -qJI £ CUJÜU 0 JI 3 



































































































R 


k\ 


RC ÔjIjJI 

^jüioü^ Qjj\jjj3 jojlc [jj$J[£j cujUI ^UuuuJI 

oIâjLSüoJI 

1 <j jjjxi 

LxgJuO JS QSLjuJ c v_sJI>JI ^jxlc iJuuSjJZ <JulÀJSjO <JjO PJ^SjO CIC 3 jOC*jO <JuU U = 300V I jJ$J 

. C2=2|jF 3 Ci=1|jF 
■ U 2 3 Ui û^ 3 iJI _ 1 
■ Q 2 3 Qi JS Lo_ 2 

2 

RjlS-ajJ É Ü 3 ^ïuuJUO jjpC jJ>l ^ûjSjO «^.SvJcLQJ oJojjj /XJ U=100V ^>J 3 J CjiJ^J Cl = 2|JF CU^Z-ajU LûjSjO jJJ^uuJJ 

. C 2 =0,5[jF 

. Cl c LilS 2 _juJ sSjJI ^ûjSjoJU Q CLuIJ ûu\JI CUlZ^ljuüJI QjlC _ 1 

. 1 fl P lo JJ Aaj <JulÀjSjoJI <JjO JS v_sJ^Ü >0 <JjU >J 3 jJI V'- juUl:> I — 2 
U 1 =U 2 =80V_ 2 Q=2.10' 4 C _ 1: 

3 

. 100|J F ! J 0 I 3 JS RS-juJ rJjLojO oLqJSjO jjuSD 
5mF QJSLjuJ , -âiSjO ^jvlc lÿJZjJZSZJ <jSjOJ I />S _ 1 

^ûîSjo JS cu^uJj L 03 gjjo^JI lÂü cu^uJj Lo . 40V <^Ju0uj3 JJ 3 J Cjl>j gjjOJ^JI llû* _ 2 

RC uJsüül iSnjLJ 

1 vjJjJOJ 

^juO^-*-|uo\JI Ol LoJLc . R c üij 03 i-ÛJO v_SXJ 03 ^ J^ 3 “® V-S^ C RJilS-juJ 1 -QjSjO gj^»QJ jjÜSU 

. cu>^lJI ÔJlû> J\Jj> cll> 3 jo cUxj3 ^J[ 

. Lgj jLoJI v_slljj^SJI jL-JI ^jnj^uuo ^_xj >3 ôJjJI <^j >3 _ 1 

j+jSÜ £ V_SVJ 03 \)I J-O 3 J 0 JI 3 ^ûiSjoJU CUjuoJU JjO^-juUüoJI £\LLlZ 5\JI ^Jo _ 2 

. Lo^JuO JS v_sjcu >0 <JuU >J 3 jJI 

. ( vj 2 jSjoJI v-sIcüjjo Ch^ ) ^AB 3 ( jLûJI ÔJljuJ ) i \^jjJ 43\Lsl)I v^jûSI _ 3 

cJ^lsxJI /xj Ufe 3 Uab Ch-' ^^Lsdl ^Jo oljJ 3 jJI cu 3 LbJ Û3jl3 ^^1^0 _ 4 

■ UAB> 3 jJI LgJÜL^j v-SxJI cul^LûjJI 

© ULaSLo iP&juü 2 

1 ! ^JUI '^juSjjJI J\Jc> CH° C=10|JF RjlS-ajü L&jSjO 

J^ 3 joJI CL 03 LQJO . E= 12,0V JJ 3 V ôJjJI ^ 3 jj 1 ùjSlà-jujlo JJ 3 J 0 JI culâj 

. R=10k£2 St svjo 3 \JI 

. K jLJI &bls ^ 31^3 û 3 j^jJjuo ^xc «JlSuoJI t=0 cüô^JUI julc 

dq . .. _ ..... ... 

<ij >3 t I = — g-^u . «^aiSjoJU B I q B =q cA-l — 1 
dt 

. i(t) jLJI ôJjJI ^^Ic 
. ôjIjJI ^Lc 3 u cJ\Jjü Uab vl^SI é Ubd=U S-^û _ 2 
. U(t) ^^ü^j St^I ctJL^LâJI <=U^ls 2 xxJI <^SI _ 3 

_t 

u(t) = A(1 — e T ) : v_sJLJI JS-j^uJI ^^Ic 3 ^ ^JLbLâJI cJ^LaoJI J^ _ 4 
. 1 #j 0 oi 3 T 3 A J cus^pJI ^jjlaJI 1 _ 4 

i(t) ÿ^juuJI jLj j/c jjjz- 2_4 

! /Xj3 ^-»_ajuc> I /xj i t—0 qjQ.^JU I JlLC i \j3j^ _ 5 


R 


< 5 > 


COM 


B 







































R 


di 


du 


dt 3 ' ‘ dt 


u _ 


O 


K 


T <jjojJI cLub go Igjjl3 /xj . — cLcxjlüJI Ll(t) jj $.jJI L faS JuZîj v_sxjil c Üô>JJI ti /2 Ju-C 1 _ 6 

T — /xj — IjJulC CiqSj cÜô^J cul 2 _ 6 

8 4 

3 vjj>oJ 

v.sJl^jJI ^_$vJLc û^ujjuo jj-C C cIjlSS-aju LqjîSjO CLubj-^SJI ôjljJI »*_5\3 x_*S^j 
. t=0 cilhj*JUI JulC K jbjJI gbl S ^isj /xj R CUU03LQJO <^5x03! J^3 jo go 
UiiSjoJI cLtSui oI_>jÆj _>+»j v_sOÜI cuJLolàjJI cJ^LsioJI Ji>3l _ 1 


-HIO- 


q(t) 

c 


u cLûb t=RC <ôuc> . C|(t) = Ag x + B : 30^ ^uJLblâJI cJ^lsxxJI _ 2 

. oLüub B 3 A 3 <jjojJI 

Lo . /xjI_)JI />lkûJI 9 ôjljJI jbûLcl u^Suoj t t —^ 00 'J33ï? LoJulC 1 2 

. B CLübJI ^UuuLajuI S" cJbJI ô Jlq} \^_s 3 q(°o) X_&jlSjoJI <US*ljÙ 
. q(t) jjulSU güüûLjuü I3 A CüuUI ^JL> é CUjJüJI Jo3^-JujJI J Io-SULjuJ b 2 _ 2 

uuSuoJI ^s\3 03LbJI 4 

jgloiS3 C = 400 |JF CLlS-juü L&jLSu03 « I — 0 / 2 lTlA ^OÛüuUloJI jbjJU JJ3-O v_S^J^ J&S&J ÔjjijjÿS ÔjI^ jjuSU 
. t =0 cJô^JLII v_sv 9 K t Lu Ju g>âo ^âiSuoJI . R=lkn CU03IÀ0 L03I \Lz5303 K jLJJ 
J^3oJl3 ^ÂiSuoJI v_sJcüjjo u^ju gjLüJb U G ( 0 ) 3 Ur( 0 ) 3 Uc( 0 ) 0^3^! £ t =0 <Üôj*JU[ Jla_C _ 1 

. jjOJLjuUUoJI jLûJI -J303 V-SX03\JI 
: cÜôj^JJI ô_3uî> v_sx 3 v^J^I ■ jbjJI gbls £Oàj dJJi>3 ti = 10s cUcl^JUI uiS3j _ 2 

. ^ûîSuoJU q(ti) 1 _ 2 

■ u c (ti) JJ3JI 2 _ 2 
. UiiSoJI V_sx 9 cü 3 jJ^jcxJI ^e(t) ^LbJI 3 _ 2 
. At=ti"to ôJuoJI J\L> St sxo3\JI JuZ>3oJI v_sx 3 ô^JuuoJI E' cüjl^pdl ci 9 lkJI v^^l 1 — 3 
JJ30JI Lp-^JUCXJ v_S^JI E cuKJI <=L9ÜcJI ^sxJLc «JLîSoJI V-SX9 cü3jJ*joJI cLjJLSÜI cUx^jo9 £jL> r v^^l 2 _ 3 

gÛLjji-JuUÜ li>Lo . At U^UujJI ÔJüO J\b> 
03^ ^ûiSuoJI ups-juJ k_s 3 jI^oûLjuj\JI /xj li>[ OJl^j l 3 lo 3_3 

T <^ûS3j 
6 ûjjjoj 

jLjJU JJL030 JJ30 <Xh-Kjj I3J £ C= 22 qF cus-juj <^ûîSuo 

. I = 2 |jA CUJljuü IjLü v_SX-LlS2J 
. 13 I cU\Jju xjuioJÜ D ^jju3-JJI oj^Ljjj q D U/-C _1 

. ctûb 20 LS3LUUÜ uptjujjl ôjuo cjûIS IsJ £ qo _ 2 

■ Udf cJb%JI ÔJlû^ <^ 5 x 3 ^j-juüL>I _ 3 

LiS x_ûjlSoJI u^ljLûJ clojUJI cLuuojJI ôJuoJI Lo_ 4 

. 63 V ^JuioJI olxyjZLU sSjJI jj£ï)\ 

RC J,9^ \JJjloj 

jjloJoJ$3 viuSuo §j>su : 1 
JJ30 à^uuj\$j C=8|jF QJsljuj LûîSjo uptujjü _ I 
fjuu JJ3JI g3JLJ ^jl 9 IS ôjuo J\L> E= 9 , 0 V c^^ioj^SJI 
.U=E cuxjlüJI vÂiSoJI v_sx-Lu>o 


K 




















































R 


V °ljuo 3 lfijo <^03! JuZ 53 jo^ iJSjjÆüj LSÂJI3 ô^>jJ lSS j±xy)où$S v_sOl_ 9 ^JI ^^vJLc ^jLjuJI v_û jiSuoJI bujJ 


cuJUI güLJI ^svJLc ^juo^LJ3àJÜ clLisuLcJI j^J\ ct^JU*x>3 cluo 3j UhoK JLo^jî-juuU 


tCs) 

0 

0.50 

1.00 

1.50 

2.00 

2.50 

3.00 

3.50 

4.00 

4.50 

5.00 

u(V) 

9.00 

6.58 

4.82 

3.52 

2.58 

1.89 

1.38 

1.01 

0.74 

0.54 

0.40 


S JJU0J0J3-ÔJI ôjljujj j 3 -Iqj gjJüJ CLajCxSj IjjjoIS JLcX^jüuül /XJ I^LoJ _ 1 

. ^âiSuoJI v_sv-^j>o Quu u jj^JI Ig-aü^j v_5^JI cuJL^L^JI cJ^IsjoJI — 2 


. Ry ^UuuLajuI JQJ ôjljJU -LaJuO jJ I PjuÜJI LuLuüO JL>3^ ■ >3^JI JulSS LjLuuO 1 _}juO _ 3 

\Lu03j0 I-U3JO JjCXSiiüuUÜ L_SjJ>I CUjJfcJ v_Sx9 — II 

olxjuo ^sJLc ^ÆOùS ^3^1 jjuSD JuCftLJUÜLiJ ^LQjLjuuJI CLûJ^JcJI (jdüLfiJ JjCX^jüuUU3 (2) JSLjJjJI . I —65.0[jA 



. (3) Ji^JI 

v_sJaj>jO <JuU U JJ 3 IJI 3 i(t) ÔJUujJI QjU ClS\J-sdl JC^I _ 1 

. uiiSuoJI 

jjuo^LJ^ôJI v_sv3 jLoJI jLjJI ôJuJj ii(t) quu cis\Lsdl jl> 3 I _ 2 

. CLJqj^jO <JjjJ U 

v_SvJI CuJL^LâJI cJ^l^oJI CjulÏI Aüsdl C^jlS JLcXS 2 jL_ajüU __ 3 
. <^ûiSuoJI <jju U Ig-Q-a^J 

<^39 -\J 3 jO ^Üo_ajJI 3 J /XJ /)Ju QJ^UuüJI ül <JjU _ 4 

. Ry c Uj 03 Lûj 0 v_SVJ 03 l J-^3 j 0 E = Ry.I 

( 3 ) JIjLùJI oLuuo ULo^jLjuüIj gubjJI ôjl& qjo _xSU 5 
























































































RLC 5 RC 5 RL ôjIjJI 

<u*ioUj .p^Jx. OjJUJI <lüuuJI 


oUûSüoJI 

1 (JJjJOJ 

U 2 3 Ui <jjjJ3jJI v»L juul> — 1 
U = Ul + U 2 ! 3-ûi Lo^jJoJjjO (JjU >J3jJI ûl9 v-_sJl^jjI <Juul^>jO <JjJÜSuoJI ûl Loj 


3 

c 


u 2 =% U,=% 


C, , 


U 


I /xla ;3 


. ôjIjJI Jaüj gjjoj> v_sx9 cûuulôJ 3^ CLJI3JÜ0 ôjIjJI v_sx9 jLoJI ^LjJI ût L0J3 U = + oî çSl 

Ci c 2 


U = Q 


"1 O 


- + - 


c x c 


■Q = 


U 


2 J 


f 1 1 ' 

- 1 - 

c c 

.M ^2 y 


jî isî Q Qi Q 2 


U 


v_sJUIj 3 


u 1= ^=Q 

r c 

v -i m 


u 


Ui = 


U, 


u 2 = 


'1 O 

- 1 - 

r r , 

vM ^2 y 


U 


Cl 


c 2 .u 

C!+C 2 

c,.u 


C,. 

= 200V 

= 100 V 


'1 P 


- + - 


Q C 


27 


c 1 + c 2 

! LjjJ ^3jLuuJI JI^juJI J\L> qjo _ 2 
Qj = Q 2 = CjUj = 2.10 _4 C 

2 vJjjjoj 

CUS-juJ t Ü3^iuuJU0 JJJ-C jJ>l cÂjlSuO y_^jJoSU oJojjj /XJ U=100V ^>J3J CjlÏZJ Cl = 2|jF CUSLjuJ IûjÎ^uO <JJ*ijujJ 

. C 2 =0,5[jF 

. Cl c Ül>LjuU çS jJI CJSjLSuoJU Q CLu I JÜJ \J I <Us*LjjjJ\ _ 1 

. Lo^Jajj J iSLf jJulÂjîSuoJI <JjO J5 v_sJcu>0 ,JjU C_jljuJL>I _ 2 

U 1 =U 2 =80V _ 2 Q=2.10" 4 C _ 1: cu^t 

3yjJjJÜ 

Ol C_OtJ çSl CJQJîSjO JU CLa-juOjJIj c LxS2_juU Ci2jiSüO ^ 3 ^^-^I JUjj OLJ^ISZjoJI J\l^' ^JjO 

. çSjl3jJI vjOLc oLûjîSuoJI 

: cisljuuJI {jjjlôj IgJ ol Loj 
























R 










































e 


B 


i(t) 


i ( t ) = ^ 7 > UAB=Ri ( t ) 

dt 

u ab =R.^ 1 = RC— 
AB dt dt 

! D 3 A qju oljJ3jJI cu9Loj Û3 jIs 

U AD — U AB U BD 

E = RC.—+ u 
dt 

U(t) v_sv^JI ctJLblâJI <=U^Ls2joJI — 3 

! v_svj 3> Ll(t) usaJI clJL^LôJI cJ^laxdl 

E = RC. — + u 
dt 


u(t) = A(1 — e T ) : v_sJLJI JijdJI ^sJLc 3^ cuJLblâJI cJ^Ls^oJI Jj> _ 4 
. L^jOs^ VLJUJ0I3 T 3 A J QuSjS*} I ^ul^JI 1 _ 4 


u(t) = A(1 - e ') J^JI qJLbLÀJI sss 


E = RCA. 


0 +—e t/x l + A(l-e t/x ) 


RC 
V x 
A = E 


= 0 => RC = x 


) 


u(t) = 10(l —etrp(—1/0,1)) 

RC çS3LuojT <jjojJI 3 AJ3J0JU téyzLOjÿS *]I 03&JI qjùjS A 

t = RC 

! çS^A£ 

x = RC = 0,ls 5 A=1 ov 
i(t) i^^uuulI I jLj ÿX 2 4 

! j(t) Q-^ïulüJI jLû jjulSU 

HO =-^7 => i ( t ) = c ^ L => i ( t ) = -ea^(-t/T) 
dt dt T 

u = 10^1 — coop (—t /O^l)) => i(t) = 10 2 &xp (—t /0,1) 

! *_jljuUL>I jyj t t —0 cdàsJJI - V jlC t l j3jZ> _ 5 

di du 
dt 3 j , dt , u _ 
: IüjJ t=0 julc 
























R 


f—1 

v dt y t= o 


— = 10 2 V/s 
T 


i(0) = —= 10 2 V/s 
T 


di 

dt 



c<x/j (—t /1) => 


f-1 

vdt J t=0 


u(0) = 0 


E 


x 


2 


. T û-jojJI A ■ ^ ^AjLiiJI ^sJJ u(t) jj>JI lp-*9 J-^u v-S^JI cÜô^JUI ti /2 Jû£ 1 _ 6 

11 (^ 1/2 ) = E^l — ea>p(— 1^ 2 /'t)) 
û^ii tl/2 

g 

U (^1/2 ) = ~ = Eea^(—1 1/2 /t) 

Cn2 = => t 1/2 =t.ùi2 

T 1 

E E 

^ /)J ^ U-VjlC cul V_sv9 2 _ 6 

! ^sOLc— J cLljuuuJIj c ÎÜjjJaJI jjdULàJu 

t 1 = 2xln2 


® J CLljuUüJIj 

t f = 3xln2 

3 

: cnoj-N cJ\Jjü ^âiSuoJI ol^xâü <>C jjSù v_sv-*JI cuJLbLûJI clEIsxxJI _ 1 

! LujJ oljj^jJI O^jlS v^jljuuc> t KjLûJI giol9 ^y^ JLc Jû_£ 


E = u R (t) + u(t) => E = Ri(t) + ^ 

i(t) = — => E = R —+ — 
w dt dt C 


EC = RC — + q 
dt 


q(t) = AG x + B $£> OjJLoLàiJI cUil&oJI Jj> _ 2 

q ( ^ «—àiSLoJ I 1_2 
q(t) — Aexp(—t /t) + B 


q (oo) = B 


■ q(°°) - c .u(oo) UiîSuoJI yoUôjJI vA 

B = CE ol 9 v_sJLJIj 3 é q(°°) = C.E oî lsI E ^sJJ J 33 J u(t) 0 I 9 t —> 00 J 33 J 

! cLuAJI Jo3>JujJI 2 _ 2 














R 


q(0)-A+CE-0=> A- CE j q(0)-0 (^j t =0 juc 

! v_S^JtjJI Ji^uûJI q(t) jjuS2j3 v»_s^JL jJ 1^3 

q(t) = C.E( I — exp(—t /x)) 

kà*SüoJI <_s\3 «OUsJI 4 

: IüjJ t=0 Ak»JUI julc _ 1 
q (0) = C.u(0) = 0 => u(0) = 0 ü( q(0) = 0 

0 I 9 I 0 =0 ,2mA oub jjyj^jujjo ôjIjJI _>LjJJ Jjlo^jo jJç^o LujJ cul Loj 

u R (0) = R.i(0) = R.I 0 = 0,2V 

u g (0) = u c (0) + u r (0) 
t = 0,u c (0) = 0 =^> u G (0) = u R (0) = 0,2V 

t=10S cÜô^JÜI Jü-C — 2 

\ ^ûjlSuoJU q (ti) cuj^ljujJI 1 — 2 

! 3 -^ ôjIjJI v_s^5 jLoJI jIajJI ôjuuü LjjJ 
dq 


ûls CUSL^I O^jls 


I 0 = 


dt 


dq = I 0 dt 


41 l l 

Jdq = I 0 J* dt => q t = I 0 .tj = 2.10" 3 C 


u c (t) ^sJI 2 _ 2 


qi = C.u c (t) => u c (t) = = 5V 


i = —= : 

C 

: ^ûiSuoJI v_sv9 oJI (t) ctsLLJI 3_2 

^(t,) = ic.u c (t,) 2 =5.10- 3 J 

: v_svj03^I J-Z530JI v_sv9 J^aÀjcy ô^JuuoJI cisLLJI 1_3 

E' = RIpAt = 4.10 -4 J 
: r jJ^joJI ^ 3.^0 2 _ 3 

_- ^e(tl) -_ 93 y 

UO + E' /o 

uS 3 _*jü JjuOsj \J J 3 ;> Ü 3 SiÔj cisLLJI ^LaJo ü\J Jup? Jijuju /yJJ vjüSuoJI <jj*uuj ül 

. IJlÛ i~&JhiA_JuJ 03 ^ ^QjlSuoJI v_S^5 jI^ jCXjLjuü I J5J Lo _ 4 

6 vj jjjü 

! 13 I cJ\Jju q D jju&j _ 1 
! 3 -û^ ôjIjJI <p\3 jLoJI jLûJI ôjuuü LjjJ 

I = ^ => dq = Idt 
dt 

Qd 


| dq = ij dt => q D = I.t 


0 0 

cujb20 ^j^ïuujJI ôjuo CjûIS l3[ q D — 2 
! 3 _& ôjIjJI v_s \3 jLoJI jLJI ôjljuü LjjJ 














R 


i„ = 


Aq 

At 


Aq D =I 0 At = 4.10" 5 C 


■ Udf — 3 

q„ = C.u DF » u„ = 3?- = ^ = 1,82V 

! ^_SVJÎ> IxiS vJ2jlSuoJI iJJZ-jJjJ CLojUJI < XjuuOjJI ÔJuoJI _ 4 

q D = I 0 .At => At = ^ = C ' UDFma * = 692s 

Io Io 

RC QjJuJÿJ \JJjIoj 

1 

. QJuSLo cLcxj3 usJ-C jÂJljujü \J 6jj \Jl ûI lSI ch-^JI 

: <^âiSuoJI v_s^-t2j>o ch-' U c jj^JI Lp-Q-a^J ^svjJI cuLolâjJI cJ^lsxJI _ 2 
: oljJ^jJI àuS Lbj O^jls ,j>JLc 

u c +u v =0=>u c +R v i(t) = 0 


i(t) 


dq = duç 
dt ' dt 


U c + Ry .C 


duc 

dt 


= 0 


! t CH^jJI U v._svj LjuCxJ I J^uoJI 3 


u(V) 



x — \) 8s ol chh-h i I J\L> c 
! Ry 

T = R V .C => Ry = — = 225kfi 
! ^ûjîSuoJI v_sJcu> o ch-' U I 3 i(t) ôJuuuJI 33\lsdl 1_II 

























R 


i(t)= i = c.^ 

dt dt 

; qjj u 3 jjuoJaJ 3 ÂJI ^_s3 jLoJI ii(t) v_svj!j>£-SJI jLjJI ôJuuj <juu ^L 9 \Ls 2 JI _ 2 

u = R v ji(t)=>ii(t) = ^- 

Kv : LuJ fi $\ ù^jlà v T .-..u.> 
: LjjJ jlüæJI 03,(3 i^çnloj _ 3 
T -i \ ■ i \ T ^ du u 

ai k v 

u + R v .C —= R V .I 
v dt v 

: v_sJUI J5LjJI t^JLc A-LolàiJI ÆlaoJI g-y^ü x = R V .C 3 E = R V .I g-oj — 4 

du „ 
u + x— = E 
dt 

u = E(l- exp(—t /x)) : v_sJUI J5LjJI ,_s\JLc aJLolàiJI qElaoJI ôjuî> Jj> ol jalsü^ 

. E=R V .I Ol Oyÿsu E <^_pto_^SJI Qj$S JJ 3 J 0 qla_».üI 3-1 />j (jjïjàJI ol (jx«j Louo 

E=R V .I= 14,625V L^j j^^su < <^j*iyuJI ôjl& -jALüI_5 

■ Q j S<jÆ JIjOJI 03^3 ol ( 3 ^uOjoJI (^jo t ys^jLyyoJI JxjûoûJI gj 0 t I V 1^3 


RL vixfül usOLJ 



1 [JJ J. oJ 

! v-V-j^JI ^OwmjIj t sd-C qjülaoJI ol_y3xJI _ 1 

■ U L (t) 3 U R (t) 

: i(t) 3 L cü\Jju u D F(t) ÿ 3 JI xxsJ _ 2 

U DF (0 — L.— 

: [ Oms, 6 ms] Jb^oJI ^ o^jJI aNa, u D F(t) **sü 
: LpJ i(t) [ Oms, 6 ms] Jb*oJI ^3 JSLaJI yxxuo 

JjolaoJI 9i Ol ii(t)=ait LujJ [Oms,4ms] JbexJI ^ 
: Ao^ùJI J-£>l vJjo jloJI /xxajüuuuoJI qjo sJJïD c ^>3joJI 

oî LS\ i, (t) = 175t oli (_sJUIj 3 a, = —= -^- = 175A/s 

3 Y a J>juoJI vjsd» u DF (t) = 100.10“ 3 .175 = 17,5Y 

u R (t) = 1750t 
i 2 (t) = a 2 t + b LjjJ [4ms,6ms JbsuJI ysvS 


a - — 


0,7 


, =-350A/s 
At 2.10" 3 

i 2 (t) = -350t + b => 0 = -350X6.10" 3 +b 


b = 2,10A 

3Y A J>^l^ u -( t ) = - 10ai0 " 3 - 350 = - 35V oM 4(0 = -3501 + 2,10 

u 2 (t) = -3500t + 21,0 

2 \jJjM 













































R 


; i-l,20A cüjuuj v_s^jIjLü Igj jjoj Io-xj^c cisi^juu^JI v_sJcu>o ,jju Ul _ 1 

di . ^ . T di 

— = 0 => u L = r.i = 10,2V c u L = ri + L — 

dt CLûU jLûJI ÔJUuU ül Loj dt 

! t—0 qla.:*JU I JülC ^..sdcu^jo qju jj^-dl ^IjOul9 I_2 

; t cdo-^JUI ^_s& <JuU 

u L = ri + L— = 8,5(l,50-200t) + 42,2.10“ 3 (-200) 
dt 

u L = 12,75 -1700t - 8,440 = 4,31 - 1700t 
t = 0=>u L = 4,31V 

! Ul />-Xsl«j I c dà^eJUI _ v_j 

u L = 4,31-1700t 
u L = 0 => t = 2,5ms 

3 yJjJttJ 

! ^>Oj|jJI fi UojJI i ir \3 CLSj-jÛJ^JU jloJI jLJI ÔJljuü i_iLuuL>- _ 1 

—~ 0 ol i-SI «UjIj jLuül àSjuJ Lo Jul C Q ojIjJI oüfljJI 
dt 


E = Ri => i = — - 60mA 
R 


E = R.i + L.—= Ri 
dt 


ùl 9 V-5JLJIJ3 dt 1 oljJ^jJI ^jkSLoj ù^jlà LujJ 

; I CL 03 IQJO Jloj^j /)JlC cJL> V_sv3 — 2 

: /xîIjJI />LkûJI v_svS cu 2 j-aJj 3 JI v_sv9 cislhJI 1 _ 2 

g 

E = (R + r)i => i =- : /xJIjJI />UôJI ^ jLJI ôjuJj 03 !^^ cJbJI ôâ^> ^ 


R + r 


: v_sv-û> v _ S v3 qjjjL^uoJI ct3ÜaJI 


1 


1 


t =-Li 2 =-L 
Sm 2 2 


= 1,4.10 4 J 


R + r 


; /)Lcwxll IsLoJ 2 _ 2 

I v_sv3 cLHuULdoJii^ c(3ÜaJlj /)LouzJI ôJjJI ^3 Jj ôJjJI £+9 _Ll£ 

ljuï> ^JI+HUÜ ^JUU 3 v_SVJI jLJI <- _5 nJ^1juO 3^3 j_juJLuoJ I ^^V^iiuoJI ^_sS V^jSjjO ^oLcW^JI 

■ +* Axi .!-I o^-SZjOv Jl ci3lhJ| Lp-JJ J3 ^LLajü v_5v_*JI ciSÜoJI JÜjJjI 

. v_5\jo3\J| JuZ>3joJI <jjo JS v_s^9 J3^> J$szàx>j àjj\y> ci9lb _ 

. /jLoozdl v_sv5 ^3-2) cislb _ 

4 ûj>oj 

; t cdô^JÜI JÜC cu^jj^jcJI cüüaJI j+jSÜ _ 1 

M LiI 

: L s r' s r s E«J\Uu E, _ 2 


^ 2 L 


1 „ ( E 


\2 


&xp(—2t I x) 


v r + r 'y 
oUô^JJI jj-c ^L«ua 2 > _ 3 


















R 


L 


l.f E Vfl 


\ Z J 


= -L 
2 

U5t) = jL 


r + r 


r + r 


2 (\\ f\\ 

- - 1,8.10” 4 

U J 

'O 


V^ 2 ) 


= 1,8.10 


l -4 


vey 
'O 


Ve 2 ; 


f E 1 

2 

r 1 ^ 

- 1,8.10“ 4 

f 1 ^ 

U + r'J 


10 

10 


U ) 


U J 


^0 


. jJuouo3\JI 3_oi J^3 joJI CL03IÜJ0 (jjuLs {Jjo Lj^uoj lSâJI jL^JI /xjuuI _ 1 
U AM( t ) =-U l( t ) =-R * i ( t ) : U AM>^JI - 2 


u bm (t) ~ u 2 (t) “ri + L^jy 

^ ■ Ubm 0 e 

u s( t ) = u i( t ) + u 2(t) = (r-R)*i( t ) + L ^r 

at : u s ,_sd£ 

Ug (t) — L—“ î t QJLjuuJI jjliS&JI V _jljuuO LijjJ R=r ^Lo^LûjoJI JÜlC _ 3 

dt 

U R = —Ri => i =-U R ! R (_su>3\)l J^s^joJI >_sJaj>o ><3jJI tujJ3 

R 

/ x L du R 

U s (t) =-- 

R dt olsoJUUs 
: LujJ [Oms,15ms] JbtoJI ^3 Ji+uJI v_^uu^> _ 4 
u R (t) = at + b => u R (t) = -9,33t + b 
du. 


dt 


■ = -9,33 V 


, . L du R 

u s (t) =-- 

sw R dt 


• L = 


u s ( l )- lv : dJAS LujJ 
Rxu 8x1 


dU R 

dt 


9,33 


= O 386 H 


RL ^jOlJqj i jJjLoj 

. CLlSZJ^jO oljJ3jJ JJ3JO 1 (JJjjOJ 


ôJlcLzj <* 3^3 CjuÜ >J 3 jJJ jJ 3 jcx^ JJ 3 J 0 JI ûï sSl e(t) = E LjjJ « te 


T 

0; i 


JbtxxJI ^3 — 1 


. UiiSuoJI <JJ*uuJ ÔJlû} ^_s3 J Là C^SLjuU v_sJLJIj 3 t >0 

v_sJUIj 3 5t < — => T > 10 T = 10i?C ût lSÎ £ > 5r Ü 3 SU ol >oJljJI />UôjJI ^jdLc J 3 ^l^JU 

r^n = 10./?.C « 10, : T j 3 jJU <Kajjjsü]\ CU 3 JJJI cloujUIs 

T 


^3^11 ^JjLi ÔaJj v_S\^3 jLjJI {-9jj>£Lj ü JJ 3 - 0 JI Ol V-Sl — 0 LujJ e t G 


-\T 


JbtxxJI ^s3 — 2 


. <_ûiSuoJI gr!>ÛJ cJLfcJI ôÂà v_S^ 3 vîILà C^SLjuU v_sJLJIj 3 t>0 

cuxjjlIIs v_sJLJIj3 5t<T => T > 5t = 5.RC oî lsÎ f > 5 t oî >oJIjJI />UâJI ^jOLc J3-^^JU 

r^n = 5.R.C « 5, : v_s^ T j3jJU cuajjJlJI cü3jjJI 
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: v_sO LhJI J^uoJI-3 


0 


u^t) 


1 


H--H-1-h t 


E 

R 


i(t) 


E 

R 


H -- ^-1 


jjüsü$ t>0 jj $jJU Cju b jj $jJU jJ^josS jJ^joJI oï ssl ^f ) — E Lu jJ t ^ e 


T 

° ; i 


_ ii 

Jl^oJI v_s^3 — 1 


■v_svj 03 ^I J^3joJI3 cU2jljJj3JI v_sv 3 jlÿJI 

T L 

cuxjJlIIs v-sJbJb3 5 t < — => T > lOr = 10.— oï ssl £ > 5 t 035b oï >oJIjJI /)LlâJI ^jOLc J3 ^l^JU 
2 /? 

^min = 10.— * 0,05s : vJNâ T j 3 jJU <KjuJjSü]\ CÜ 3 jjJI 
R 


^3^b cjjb Ô+Jj v_s\^3 jLûJI ^JolîiS 'J^jjÆüj jJ^joJI oï v-SÏ — 0 LujJ 1 t E 


-\T 


Jl^oJI \^s3 — 2 


0 


. RL ôjIjJI jLjJI />l jlsjI JLd> 03^b_*jj v_sJLjJLi3 t^O 

^uxjjlIIs v_sJbJb3 5 t <T =^> T > 5t = 5.— oï lsI t > 5 t 035b oï /xjIjJI /)UôJI ^jOLc 

R 

■ v_s^ T j3aU cLuüjiijJI CU3JJJI 

^ r ~ T - - 5 i - 0 - 025 * 


î (0 




0 r /2 

«£.(*) 


0 r /2 


-H* t 


-E 





















\A\\ 


R 


v-e 



Qsumj$ %S3 43lhJI 2 

_ 1 

old ^UU 3 /y j IjJI ^oUôjJI O^SL^juü ÔJj\j I PjOulS (\ju£u LoJulC_ I 

F 

I = — = 0M 
R 

(XXXjuJJ \ls \_5 \JLJIj 3 v^SN^liuoJI < h _s > 3 />lo«£jl V_-> 

■ JpuoJI v_S^JI jlajJI 
\ <*sz+jjj$}\ v_sv9 ^3jJ*joJI ciSÜoJI _ £ 

f„=ii/ 2 =0,5.10-V 


A£„,=I„=A£„,-A£ c 

A ^c=0(v,.=v / =°) 


AE 


-AE 


â 


mg/î =^> /z = — 1 — = 0,102m = 10,2cm 
mg 

. <Uj 03 \I| C-M^joJI v_sv 3 J^aàoj ôjIjJI >_sv9 cU-ujuJaiaoül cièllaJI £lyb dJLd» _ 4 
AE” = mg/î = 0,343.10 1 J : i_s^> dl_>=toJI (_9>k> l _ > o ASJLgj^juuuoJI 49ÜaJI 

: gjîs dJ_>SüoJI 

AE' 0,343.10” 2 


AE 0,5.10 


,-2 


:67% 


K 


© 


■OU 


J 


K 


QjJI^jüo RLC ô^b u5n 3 d„pJI oUJüÂJI 

1 

! Uc(t) CLÂjI&joJ «w'jujûül W»QLjuu JcUj Ipj ^/XjLljuJ v^soj I ^LlÂaSJI _ 1 

cLub* JijjJI jJôjl 

J\L> u ^iS[jÜLJ g_JUü3JI ü\J sSj3^ CLljuJ oUjüJLJI /)Uâj _ 2 

■ t û-°>JI 

! JSLjJjJI <JjO j3_)JI ^IjljuJ JuJc^j _ 3 

T=4ms 

: L v_soljJI JjoLs^jo _ 4 

To objuJûJU ^^bïJI j3 jJI lS3Luüj j3-jJI c Ijljuj ûl LujJ 

T = T 0 <=> T = 271VEC 

T 2 

T 2 = 47l 2 L.C ^L = —— = 0,40H 
47i 2 .C 

2 \jJjM 

! I l _a.A^>jÜ I 4j LajJ 1 

JAjuuJI _>lô>I 
: i(t) j+jsü - 2 


S 

L ■ 

' J 
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./s dq 27 ü^ . 

1 ( t ) = -7T = -—Qo^ 
dt T 


^ 271 ^ 


-t 


V 1 J 

\ { j r KJJuj^xj t cdô^JUI V_sv9 ôjIjJLI culSJI ciSÜoJI _ 3 
qsUoJI gjoj^o v_s^ cdô^J JS ^ ôjIjJLI cuKJI ^UoJI üL 9 cuJlix) ôJjJI ûl Loj : ^ 3^1 ciajjJaJI 

: ûl çSl ^5^9 ciiàlkJ^ cJüSuoJI V_sv9 cLub^SJI 

L = £ + t =—— +—Li 2 
St Se Sm 2 C 2 

: cujLJI cüîjjJûJI 

: ûl cSl c_ûJSuoJI v_svS cü 3 >^jcJI CO 9 Z 1 &JI cislhJI s _ S v^ ôjIjJLI cuJSJI 3i*lhJI 

F = 1Q2 

St 2 C 

3 ûJ>oj 

■ U|_ 9 Uc qjo JSJ ^üL«JI wjdLc JuuuoûJI — 1 
Uc(t) JJ 9 JI ^s^JI cuL^LâJI clLIsxxJI _ 2 

! oljJ9jJI cu9LoJ Û9jIs c_j^ 
u C+ll L =0 

di . dq 

L UL= V 1 = ^ q = Uc ' C 

u l =LC^| 

L dt 2 

T „ d 2 q _ d 2 q 1 ,, 

LC—7 + u c = 0=>— 2 + —~ u c =0 



u c (t) = U m cos 


dt 2 

f ln_ A 
v^o j 


dt 2 L.C 


9_û> cuJLbliüJI cJ^lsxxJI Jj> _ 3 


: To 9 U m 

; U m ju_ûû 

U c (o) = Uo = U m COSO ûl çSl lSc^ziS ^jJojjjo ,JJU JJ9JI Û9J*uJjuo c_ûJSjoJI t =0 clIôj^JJI JulC 

U m = U 0 ûl 9 v_sJUIj3 
: To ^L^JI , 3 aJI ju-ûû 
: cuJL^LàJI clLIsxxJI v_svS J^JI ^9^ 


du ( 

dt 2 


- + - 


1 


L.C 


u c =0 


U c( t ) = U m CM 


f2n ) 
— t 


1 

II 

U 

2 c 

(N 

T3 

r 2 ti^ 

2 

U m c«t) 

f 271 1 

— t 

T 

V A o J 


dt 2 

v T o, 

m 

T 

V A o y 


^27ü" 

2 

U m CM 

f 271 "1 
— t 

+ 1 u 

COÔ 

f 2 k ) 
— t 

Jo/ 

m 

T 

V 0 y 1 

L.C 


T 

\ L o J 


= 0 


f 

1 

f 27t ) 

2\ 

U m 


f 271 "1 

= 0^ 

f 2ît l 

— 



C04 

—t 


L.C 

J 07 

) 



T 

V. 1 o J 


vTov 


L.C 


T 0 = 27lVL.C = 0,34ms 
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4 ûjjjoj 

. t QjOjJI gjo LuU g_*JÜ^oJI ü\J c IjljuJ v_S^ Jôj>\LoJI oljjujJI jo\]cü _ 1 

! oljjujJI ^3 jOJ> jj-juJLÛJ _ 2 

l $j 3 v_s^Jl3 cLs2jhJj 3JU r ^jo3LqjoJI ^>3 ^L^ûu I à3 IbJI ^jJJ oljjujJI ^3 joj> >juulûj 

. J3^> J3^Àjcy ^Lb ^jJI ^^LüuoJI cLjJLSÜI cislbJI 

: ^âiSuoJI v_s^-bj>o yjjj Uc JJ3JI Ig-a-a^j StS'-'JI ^lJL^LqjJI <=U^>LszjoJI _ 3 

: ol^>J3JI cusLoJ o$j\s 

:0=>ri(t) + L —+ u c =0 
dt 


u L +u c 


i(t) = c*^.*=C^ç 


rC^çL + LC 
dt 


dt dt 
d 2 u 


dt 2 


dt 


2 +u c =0 


d 2 u r r du r 1 

—^ +-- +-u r = 0 

dt 2 L dt LC c 


. X—lms ! 3 ^ oUjujJU X j 3 -^I c Ijljuj ^juusu _4 

! CLoA&JuO c ^SL*_xjj3-lJ r CL 03 I&J 0 JI jjÜSU _ 5 

: Uc^j^JI v_soJI sJL^LâJI <=U^>Ls^joJI 1 _ 5 

u l +u c~ 0 ^ > L — + u c =0 
dt 


i( t) = C^,Ü = C^ 

v ’ dt dt dt 2 
LC^^ + u c =0 


dt 2 


d 2 u r 


- + - 


1 


u n =0 


dt 2 LC 

u e (t) = U„ aw(cot + cp) : v-sJLJI JijJjJI ^sJLc cid^lâJI cJ^l^oJI Jj> 2 _ 5 


: U m j+jSÜ 

E 

u c (0) = E = U m aw(cp) =^> co^cp =- : LüjJ t=0 cdaj*JUI jul£ 

: cloJl^juo Q& 1 UUJ 3 JI s _sv3 jLjJI ÔJuuu Ü 3 S 3 t=0 cdô^JUI ^s3 
U c( t ) = U m CtW (® t + ( P) 

i(t) = —C.(oU m tin (fût + q>) => i (0) = -C.C 0 U m tin (q>) - 0 
<5Ût(p = 0=>(p = 0 aa (p = 7t 
cet cp > 0 => cp = 0 


cet (p = 1 = 


U„ 


U m = E üÿSj^uj (_sJLJIj 3 


T a = T = 1ms 


(0 

LC <JLoJI ÔjIjJÜ I lS^CjUU -d ^-La-juJ ol t QjLmuJI J!< ) ->. U .)I lJ \L> 

I v_$dLJI J^ljûüJI (^jdLc <W>jJ| qJilaoJI Ù^JL xjj LJL3 

u(t) = 6c«d(2.10 3 7tt) 



















R 



: q(t) 3 _ 5 

ol /xlaj 

q(t) = C.u c (t) = 1,5.10“* aw(20007tt) 

! i(t) j+jSZj 

i(t) = ~~ - -3ît.l0“ 3 ai» (2000îtt) 

! oUjujJU L^JI j3 jJI j+jsü 3_5 

T 0 = 2TZ-JÜC 

! To ^bJI J 3 JJl lS 3 LuüJ j3 jJI CLiljuJ ol LoJLc <^S 2 j»juJ 3 JÜ L v_SVjIÂJI {jÀJjJZüJI JjoIsjO ^JOsjkS vLuüJ> _ 6 

T = T 0 = 2tiVÎIc => T 0 2 = 471 2 L.C 
T 2 

L =—^— = 0,1H 
4tü 2 .C 

! cUjjJ?- oUjji> l _5\JLc Ro 4jo3lfijoJI 4 jcxj3 _ 7 

. T di 1 d 2 i . . T di 1 d 2 i 

: g dt Cdt 2 0 dt C dt 2 

, _ v T di 1 d 2 i _ 

v dt Cdt 2 

,_s\JLc 4JL<ol-àJI 4_):>laoJI ol oUjui ,_s\JLc J^^usJU 

: ^sJUI J^iJI 

/ „ v T di 1 d 2 i _ di 1 d 2 i 

v °' dt Cdt 2 0 dt Cdt 2 

5 sjjj joj 

: pJjo^jo <*SZ+jjj$}\ CLo 3 LûjO cJL> V_sv5 — 1 
: Uc(t) I lg_Q-aj*j v_sv^JI cuJLblâJI cJ^laxJI 1 _ 1 

u l +u c~ 0^ > L — + u c =0 
dt 

i(t ) = C^,—= C d “ c 


dt dt 

LC^-^ + u c =0 


dt 2 


dt 2 


d 2 u r 


-+- 


1 


dt 2 LC 


LL, — 0 


£ t cuKJI 4slkJI jjulSZJ 2 _ 1 



























R 


4, =^Li(t)- +^Cu c (t ) 2 


U c (t) = Ecaô 


2K 


-t + (p 


V 


dq _ ^ du c _ 


i(t) = ^ = C. 
w dt dt 


S, =-LC 
2 


4k 2 E 2 


ÔUl 


_ 27tE . 

[2% ^ 



C ôui 

— 1 + ( P 



T 

V T J 



271 4 

1 

o 

( 2k 4 

— 1 + 9 

+ — Ch ce* 

— 1 + 9 

T J 

2 


l T J 


T 2 = 4îü 2 L.C => L.C = 


471 


S, = — CE 2 ôîh 2 
2 


f 2n ) 

1 ^-r -,0 ? 

f 2 k ) 


H —CE 2 coô 2 

— 1 + 9 

l T J 

2 

lT J 


5,=-CE 2 

2 

S t = —CE 2 
2 


4Wt 


271 

— t + ( P 

V 1 


\ 


+ aw 


271 

— t+( p 

V 1 




/y 


: cdLo^jo qjo^Lûjo cüb> V_sv3 — 2 

: st^JI <=U^>LszjoJI 1 _ 2 

u l+u c = 0^> ri(t) + L—+ u c =0 

dt 

i W = C^îç,Ü = C% 

w dt dt dt 2 

„ du r _ _ d 2 u r _ 

rC——+ LC—^ + iu =0 


dt 

d 2 u r r du f 


dt 2 


dt 2 


- + - 


-+- 


L dt LC 


■u r — 0 


jfc 

—- = —ri 2 oî { jjuû cuJLblâJI clEIsoJI JLo^üujIj _ 2 
dt 


4,=iLi(t) 2 +icu c (t) 2 

^ = Li(t)* + Cu c ^^ = IÆ 2 ^^ 
dt dt dt dt dt dt 


„ du c 
+ Cu r —- 
c dt 


dSt = LC 2 du c 
dt 

d 2 u r 


^d 2 u„ 


dt 


dt 2 

d^ 

dt 


- + 


r du r 


dt 2 

1 


- + - 


1 

-’ 

LC 


j 


d 2 u 


1 


- — + —— u r = 0 => " " c + —— u r 

I dt LC c dt 2 LC c 


r du c 
L dt 


^- = -—LC 2 


du L 

dt 


\ 2 


= -ri 
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RL yjJfa.fi JI uSvjLJ 
Dipôle RL 

la bobine : _ I 

uüjaJI _ 1 

IfJuJ Loül9 OJL^ÜUO jjl£ £ ^bûJI ÿJD JULjuJ ÿJO é ülfÜ ÿJD Ùÿiuü VjJfllS LJ ^AjuüjjJI 

. ^snjü>^ J^Lc. fijJLkuo 

! ^fijuüjjJI JjO^ 

! QjuJLJI QjjjOjJI JL>I JjO^jljuUU CLSL^juü^J JuuüOûJ 


(L,r) 



iîliP ^ 0000000 ) 00 - 

r 


1 J^jjüJI 


2 J^iJI 

^SVjOouJU CISjLJuJ^JI JjuOsJ JjoUiÆ L 3 CISj-juJ^JI CL 03 LÜJO r 

olJ 03 JU v_svjoJLsdl /)LtûJI v_sv3 C OJO '3 . ^svJljJI <^irpïiJI JjoLs^jo 

. Henry (H) lS^I 

. v^ljJI ijÂJjSZjJI JjoLs^X) jjjüLjjjO jlgj> c ÜQ-ajJ 3 J L <jjuIûJ 3 

■ L$Osü>A yJÜ jJ^jJI — 2 

1 jw^üJI bLuuùJI 

lS jJ I 3 (1) Ji-üJI ^JjüOooJI v-SV^JjJ^jJI I _ I 

0I3J 03^ Qsi+jjjss cJ_Xs^3 jjoJüuuuoJI jjÿJI -J3J0 jjjo û$SuJ 

t Lpjuo 3 Ujo 3 L=10mH v_soIâJI ly^yjszj JjoU*x> jujc*JI 
j LJ I (jjjlxüJ JJUOJJUU 0 I 3 R— IOO 1 Q 1 c Ujo 3 L&jo v_svjo 3 I J-^ 3 jo 3 

ÔjIjJI v_S^ jloJI 

. K jL-JI &bls ^3^3 cLs2j«^Jü3JI <^ku>o qju jjÿ. Jl ^jjLüJ g*oi 

I j\jüJ\ ÔJuuJ dUÀ $3 c LSL^jÛÙ 3 -JI v_S^-lûJ>JO Ch*J U|_ ^jjJulQJ ÙjJQ ^lJ_XS 2 joJI o]gljuj\qj jJQjJI ^/Oul 9 jjSU 

. ôjIjJI jIjoJI 
! cuJUI guLJI ^jOLc 



Ul(V) 

0 

0,8 

1,6 

2,4 

3,2 

I(A) 

0 

0,1 

0,2 

0,3 

0,4 


A U, 


V) 


0,1 


. I ô JljuJlI I cJ\Jju U|_ ^svJl^juoJI Jjuo_ 1 

■ V_ S^>s\ k3j^UJ CU2jLJUü 3JI ül { JjJ _ 2 

ül clJLc JuZ1J*joJI I ^JUJS> 

^LSL^juÙ^ I ol ^juuü L 00 O É L^jl9 jLoJ I jluJI ÔJUuJ ^jO I^IjJoI 1 _jljuüLûü 

r CLÔ 03 LÜJO v_SVJ 03 l JuZ 53 jOsS 

. gjLoJI Lp-JJ j+jjjj. v_s^JI cuxjLflJlj LpjjL93 cu> 31 ûjo r _ 3 

r = ^ = 2/4 ~ Q/8 = 8£2 : .j^uoJU d^l J^UxJl r 

AI 0,3-0.1 o—^ a» 

■ I 3 3 ^ L t 'l-9 \ls 2 J I QjuuLujI 4 

U L = rl 

II 

(_s03jji5JJ JjOÆjüuuü . 5 V ÔJJ3J3 1 f= 400 Hz ôü_ÿ LyJjûo IjLj i_sJogj vi*;Ç> i GBF c LàaàitJuo 

( Z J JA^ gJ I v_$vS JjLouoJI “v—! jjs!>_• 


I(A) 
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■ cuJLc I (_syju jüJI Jl lS^jûOxJLo v 3 j 3 < 

jlouüuül 

T ôjIjJI v_svS _>LoJI v.s'jUj^üI jLjJI ûjlaIi oI_>^sj cujI&o (jjo i_>_xjjjJI <_sLjujISJ Y2 J^-juoJI (jAjoj li>LoJ _ 1 
l _S\jL»iijoJI i W>l oLjujLüu i 3 Ur Cil tSl U R = —Ri ; >_s\j 03\)I >_sJaj_>o ijjj ^2 

ÔjljJI 1_S >3 jLoJI i(t) jlljJI ÔJLxlI ol_>AffijJ JAjuJ l jxLSÜ <0 c <jJLc 

2 

c üjo , 3 Lo 1 a JjoI&oJI ^Ij0o3 :> jj> 1 _ 2 

x -u R a't + b' . . 

i(t) = —*- = -= at + b 

R R 



a 1 Au 

a = — = 


-10 


R R.At 100 . 10 " 3 


= -lOOA/s 


b = 


= 5 . 10 _2 A 


100 

i(t) = -lOOt + 5 . 10 -2 

jjQjJ I cuu 3 c I 1 _ / jo 1 J 3 ^ I v. ô . ^ ûl J ^a-ajuuJ U t (^xC 2 _ 2 

U L (t) 



di 

dt 


C Lfc_JUOjJ I güjL^JUül JQJ £ C l^2 r A_Ajj^J I ^jjjU|_(t) 


U L — IV LüjJ /XjujI j cLjujLjuj ^JLc ^UjI^oJI v_ 

U L _ 


d[ 100 
dt 
u, 


= 10 " 2 H = lOmH 


di 


-p- = L => u L = L - 

di L dt 

dt 

^Æ*-ûj^JU ^IJJI ij£Uj^lL}\ JjoIs&O L go ^xjuJüJI Û V Ojl 3 3 _ 2 

■ cÜjQ Æ JLiuUjoJ I 
■ ~ 3 i- 3 U|_ ^üüÛlxjjI 

3 

. \Lcx£jo l&^Li C13Ü jLic\JI iJ+sli ^jo3ÜijoJI ôju 3 > Jl>3j yxl 3 jyaLÜI 
. —- 3 L 3 i(t) 3 r J^£ 3 J <Ü2jlxJ3JI v_sJoj_)jO (jx( Ul _>J_9jdU CLolc <*3\tc £jx£>l 

dt 


u L (t) = r.i(t) + L. 


cH 

dt 


vjÜSU^B fjjJ l_ |j£ jj*SU JjJUmU) UVdj t JU JLP" 6 I 3 J U3i 3 jwuüüJU 

: 4 £^aJU ciajuüü3 

di 


u L (t) = r.i(t) + L. 


dt 


. sS>£Jü L « yj^ JU r < jjuuoilü i(t) < (V) J 9 J 3 JÜÜ u L (t) 
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■ QujbjÿS 6^b lSsJLc ^gjuuüoJI jjüÜ l 2 inSWj^iJI bUüüJI 

(3) JSLjJjJI JjüOuoJI v_SV?!><fcjJI 

. KjLjJI &Jol9 ^isj 


S* ôjIjJI <j\Lc[ asl) ùjuuj Lajo \-2 3 Li oL^ju^boJI ^Lû 1 _ 1 
L2 (^Lu^loJI J^l 9 ,JjJlu Li ^Lzixdl ûl Jô>\b3 L2 3 Li ûb^ju^LoJI ,J^JLu /ysû 

^ L 2 3 Ll QjO v _$\3 jLoJI jLûJI ÔJLjuJ jjSZjJ <SLj£ 2 _ 1 

I_1 ,JjJb oUô^Jj 6 jS >LuO LcfcJjJÜ >xâju L2 ^Lu^boJI v_S^ LoJuU LJâ>J Li ^LuZIjoJI v.S '3 jLûJI ÔJuuJ jjS&J 

S jLûJI cloIsJ <- _5\JLc qsz+-*jü$J I ^b Lo_2 

jbjJI CLolsJ jJ>3J <^SljLjjj^i\ 

jbjJI ^/oIjlSdI AJlC é c Lsl^juü 3-JI >^b Lo ôJjJI ^ü 3 JlLC OJl^j IsLo _ 3 

. Lp-xx-kij lS jJI £,>âJI v_s^ jbjJI />\jsü\ >>3J ^«-jJj 3JI ûl cÜôj>\LoJI < jjulqJ 

! -- l 

ûJl£> j>$j < QsujJj$ e$vJLc sS^j^ü OjJU >^5 àjb ^svS 
iSl OjIjJI OJLû> l$v 3 jluJI ,pljl£jl 3I jbuJI CLoldj ÔjjC^ÜI 
jJOJ iSJÜI jLuJI OJUuJ jj;À ,P 3ÜÜ Ojolc 


R=10Q 


L=0,5H 

L 


. L.— cIjl^JI jjJü güU Ijl£>3 . L^a3 
■ üJûJ^O Jjj jJ^jJI JUÂaJUüI . 3 

v^SV-Lt^JO QuU U|_(t) ^ 3-^1 ^Lju£U < C ^ 2 jLjûj 3 JI CU^lsbO JLoj^I Jül£ 

! bJ IS c LS2jljuü3 -J I 

di(t) 


u L (t) = L- 


dt 


U L (t)>0 ûl9 cUJül> i(t) * 

cÜ Jb^VI S^l l-VJ> ÔjjulS CÜ LoJuU Ijt^* ÔjulSjZ) dt ) l_)L> QJj-kjJ i^S'J b J-$S^ I jLûJI ÔJuuü jjSU OlS l3j * 

CLOulS 

c IS2j-juJ3JI v_sJcü>JO <JuU >j3 j3_gjô vjd| sS^3J LojO l_)L> Ôjjul^ CL0ul 9 jj>b U|_(t) v_sJbJb3 ( l_\J> 

RL sjJoaJI vsOU-II 

JjoU*o 3 r Ig-ô^lojo ci^jJj 3 £x> V- 5 JI 3 JI vjOLe R <=Ujo 3 Lûjo V-SVJ 03 I J^ 3 jo <jjo RL v_svjLu O 35 LJ 

. L 

. R t =R+r Ijlû^ I v-s^jLuJ claJLSDI CL 03 LQJ 0 JI uSVJOouUÜ 

■ ojlcLd ÔjüjJ RL v^jJslaJI jnjLj ^Obüjujl — 1 
I hSvS jLdJI jLuJI ojuuJ i^sJI OjJL^IàJI ^J^laoJI 1 » 1 

■ RL ûjIjJI 

. Quül^ JijLiJI c ÜjuOuoJI RL ÔjIjJI jjuSD 
RL ôjIjJI v_sJcu>x) { jju >i 3 jJI -L>b . t=0 clIôj^JUI ^3 KjLjJI ^bls ^isj 

^_S3 j-OJ V-SjJI jbjJI ÔJuuü i(t) . ( ÔJlcLz^ c büj ) E CljOoüàJI blô^J 

. ÔJlcLxd jjcp cUJjJ cuL^juüI j «aJ QjoL9I JulC ÔjIjJI 
! LujJ oljJ 3 jJI c Ll9LoJ Û 3 jls ^-jljuUO 



U AB 


u = u AB +u R 


ol lsI u ab = ri + 3 u R = Ri(t) 3 u = E ol 


,luül cusLsl 
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R 



: v-sJLJIj 3 Rt=R £uu,^ü9 R cu^IqjoJI />lol cu> 3 Ujo Jjo^j 

_t 

=^> u L = Ee x 

X iJJOjJI OJJÜ — 3 



f 

f 

tVi 

u l =E 

1 - 

1 + e x 


V 

V 

)) 


X = • 


R t 


tjjojJI gjüUJ jLa/^ll cü^lao 1-3 


: iüS Lüjüs L = i=>[L]=t^ïï ùl>J«i 

S 


.H 

LrJ w 


: ^'[ R >P] 
rvTsijAi 
[A] [V] 


jjuOÜ3 <JjOjJI CLüb ^JVjOs-juUÜ v_S^jjOJ _XS^ IgJ T — - CLOulÜJI ül lSI 

R t 

. RL y.lofljl V-SNJ LJ 

T jujlsü 3jüuS 2-3 


" L " 


" L " 

1 

1 qT 
_1 

=[s] ol lsI 

1 

T 3 1 

1 



: vilLü 

i(t) ^^vJOfcJuoJI i^sJLc 1^13-^91 ^Jl?Ü 3 i(x) vL juUL> ■ St5^3 ^3^1 _ 

^_\j?Ü3 t =0 cÜô^JJI v_s^3 (JjuLcxjoJI JLxxs^ji-juuI ! cUjUI cLûjjJûJI _ 
. cLubr JijjJI jJôjl . E/R £x) <^blaJ ciLlqJ 

. RL Ukhd l$sjU jxüOj Ojb jLuJI ^oIjlajI — 4 

I PjOujÜI | E CLxXjJîJI QjO JJ 3 AJI t jLûJI §Jol9 QJ3 Jül£ 

. RL ôjIjJI v_s^ jLûJI />I-Xail «lIL-ûi ûl J 3 JÜ ( cjjb JJ 3 J «ÎjJj ) 
: qJUI q3\Lsdl ^jJJ JuZ53Ü oljJ3lJI cuàLbJ Û3 j19 

di 


U AB 


U 


Jl 


di 

X ——h I 

dt 


0 ls! L —+ (R + r)i 
dt 


T = • 


= 0 
L_ 

R + r R t 
: 3_& ^JLblâJI cü^boJI 0 jlûü 

E L - 

. i( 0 )=I 0 ol jLicb I 0 = — 3 x = — ol i(t) = I 0 e 1 

R t R t 

i(x) = 0,37I 0 ; cl 9 \LsJI ,j^Jaju <jjojJI ^ub LjLuuo cJL*JI ôàû* 


. dJU_x5 jb-JI > 0 1 JlszJ I 3 ctolsj ôJuo CjûI5 loJS ùjjSlæ X CjûlS loJ^ ! ^Jb^JLo 

QjU vl»JL^J lSjJI Jj$j Jl Jo>9 <JjO RL ÔjIjJI Qj\joS> Jj>l <JjO /ïLo^zJI v_SV^><oJI v_S^9 JjO^-juUÜ 

. K jLüJI ^bl9 (%j3 JülC L^-aJqj^jo 

OAjuuj 3 v^v3 OJ3 >^joJI 03lkJI — III 

■ iSNjüjJfejJI jljJ^JI — 1 

. c L*jL> JSLjJI <*_S\9 JjüOjoJI v-_jui^^)jJI jjJSZj 


























































































n 


v_S^9 v_S^jIjuJI /jLosjzJI gjuOJ . CISZjljuJ^JI v_Sv 9 v-S'jl JjÿS jl«J >OsJ K jLûJI gbl9 ^JLc Jul£ 

. vllpijoJI \ r ^3 v_s^jI J.jÿS jLü jSj-o j^?UI 
. S ^/XjuJlJ I gJUjjS J j^uoJ I îJ^SjljÙUU K J LJ I g-b ld ^ ld JülC 

. ô^âlkJI ôJufc _>juulS 

qslb CLub^fÜI ÔjIJI J}\Lcj cLuî £ I ûl 

JulC cislbJI ôJlq> CjjjS> jqj £ Igj cLaàJI 

. ôJJI £üS 

Q£LkjJj$ cU3>5«JI 43lbJI jjlkSü _ 2 

î v__sJLJI JIjlJI <- _5\JLc qJLz)LûJI ^J^laoJI «ûlSu ô^IJI v3^tcj -xjlc 


ül 


U AB 


(m)- 


□ 


di 


di . 


E = Ri + L — => E.i = Ri + L — .i 


dt 

Eidt = Ri 2 dt + d(-Li 2 ) 


dt 


: qJ^lsjoJI ÔJlû* J\L> QJO 

dt ôjuoJI J\L> J30JI <jjo cl>^juouJI ci 9 lbJI Jjuoj Eidt 

. ^5^9 J^> J^aiuv ô^JuuoJI clSÜûJI Ri 2 dt 

. igj j^j v_svJI cislbJI d(—Li 2 ) 

\ t 3 0 q-Jô^ïJ QuU ^-S 2 jljuj 3 -J I JI ci9 LbJ I 'JSjSLi 


^=}d(iu 2 ) = iu 2 


! lg»*S jLoJI jlûJI ô JLjuü gjjJO go £ L JjoLs^X) £ CIS2JLJUJ3 £^3 Q^jjifcJoJI C^LbJI <*_JLJuuliûU 

E = -Li 2 

^>m 2 
























R 


4 > 


o-^ÏÏHT^fO 


rr 


Vb 


if A) 


Z 



/ 


RL uJaaJI iSnjLu 

clu^Lo OjJüjjkd U^5 JLSü cuiUI OjuuuJI 

1 vjJ^OJ 

! QjO c Lulj>' Û^iü 

. cdLxgjo LpJu03lûj03 L=100mH JjoLs^jo c^ 2 jljJj 3 • 

. R=10H CUJO3IÜJO v_SVJ03l JuZ53jO _ 
! IjOsS cÜojuuO /)J v-V-uJI A-^b * 

lms/div s,üs\JI ^-uLuülsJI _ 
J^-juoJU ^La_juul*JU 2V/div 3 A J^-juoJU cu-ajulJIj lOV/div p-^jujLuo^JI 

. B 

OL+oJI (^xaJ LoS I COJl^Jü jjSZjJ jLajÙ OjljJI 33^ jLjüü JJ3JO * 

: cujbr 

S" vjjÀJI ^/Oouülj CUJüLjj ^jJLc L^juIsJ v_S^jJ I ol^>j3JI Lo _ 1 

[ Oms,6ms ] Jb^oJI o^jJI u D f quj^uj\ />j i(t) 3 L cJ\Jju u DF (t) >3^1 cxJÎ _ 2 

. Lo^JLc JuZI^joJI { JuuüjjjjJ\ QuUOouJjJI J^LJUÜ JjijO _ 3 

2 ÿj >oj 

LpJuo3lajo3 L=42,2mH Lg^^J JjoU^jo àsz+jjj$ jJüSLt 

. r=8,5£} 

LoJulC c U 2 j-juJ 3 -J I ^_S\.1oJ^>jO QuU ^3-^1 CL0u3 _ 1 

. i=l,20A cüjljuj v_sxj {jj-çS jLü 
i=l,50-200t j+ÊjJO jLü c IS 2 jljuü 3J I ^_S\3 jjOJ _ 2 

(A) 

c Üô.^JU I JulC c Ul^juü 3 -JI v_S^-Icüjjo QuU jJ3jJI cuxx9 Lo_ I 

<Tt=0 

c IS 2 jljuj 3 JI v_sJcu>o <juU JJ3JI /)_XaJu ti cJô^J v_Sl <*_s^ _ v 

3 

<téjS*UQjÿSJ\ JJ3J0 JLo^-jujIj CLuL> JSLjuJI v_S^ 9 JjuOooJI v_S^J b>^SJI v-jkASjjJI 

/)Lxwo 3 L=100mH Ip^ujSzj JjoLsjo àsu. JJJ33 R=100£l cux^Ubo v_svj 03I 
. t=0 cJâj^JUI jü£: ôjIjJI ^ 3 !^) . LuIjj^S ^JLuo 

V_S^9 <^ H Jj 3 JIj jLoJI jLûJI ÔJUuJ <*_ji_juJU>I t CI^LawLü^ I CL 03 LqjO JLo^J Ju_C _ 1 

2^ . /JljJI />UôJI 

. r=15,0H cls 2 jljJj 3JI CL03UJ0 JLoj^J />_lc cJb> v_sv9 — 2 
/xjIjJI /)LtbJI JulC CUIHUJ 3JI v_sv3 cü3>^oJI cisLkJI cux^S Lo 1 _ 2 
Lo . dJJ3 juujS c /)LouzJI ,j^Jb Jôj>\LiS KjLûJI &bls £llûj 2 _ 2 
. cULhJj 3JI V_sv9 àj^j^cj oJI q3ÜaJI Lp-JJ J3^^u v-SLJI CUSLLJI 

4 

r ,= 300tl c^jo^Lqjo s5vjo3I JuZ53j 03 c E=6 V c^^joj-^SJI <^33 jJ^ ^jOLc CLJI3JU0 cujU^^S ôjb LS3i^j 
ôjIjJI v_sv5 jLoJI jLlJI ôJuJj j+jSü . KjLlJI ^blS3 £ r=10n LpJu03Laj03 L=1H Ip^ujszj Jjol^o QjzjljJj22 


Y 

/ 


/ 


t(ms) 



I = 


-t/x 


r + r 


3-à> jLûJI gi>ls QJ3 AJlC 


S* t clJô^JÜI Jû£: v _ sn 3 I c^üaJI Lo _ 1 

. L s r' 3 r3 E AJ\Jjj ox^_2 

T 

S" ^üuuLjuüj l 3 Lo . t — 5 t 3 t — T 3 t — ~ ! olla^lJI JlLC _ 3 































































R 




l 




GBF 




Lr 


U, 


M 


5 vjj>oj 

. r IgJuc^lojo L vèujJzjJl JjoIsx) JuJc*ü JüjJ 

. r=8£2 Ajsû3 qjo^Lajo <j j uujL) 

CL03LÎJO -I QjuÆ Jl2j ^ÜLo-jujI JijLiJI \^3 JjüouoJI 

. R=lKn CLouLiÜI cJ_V^oJI 
. v_s^jJjuo ôjIjJI GBF ^3jj 
Jl cLuU^joJ v-V-^I ^ô_*Jul5J ADD jj Jl ^jOLc JoâJo; 

. Y b J>juoJI u s =Ui+u 2 

^03^5^0 r ^jjüLl 9 ^JjO LulSuOJ lSJlJI jLg_^ïJI yX_AjU j Lo _ 1 

S* 

. Us 3 Ubm 3 Uam oljJ3jJI L 3 R 3 r 3 i cJ\Jju jjlC _ 2 
JuZi^ü R=r cuxjLiiJI ^jOLc cJas^I CL03IÜJ0 Joju^ jûc _ 3 

v_S\JqSLi . ^lLÔ-juü! JSLaLlII <*_S \3 JjüCXjoJI v_Sy-VÂjJI J&uuJj)\ i^$0Lc 

■ Y a J^juoJI « Sms/div ^j^juuI^JI ^^jujLjuul^JI ! 

. 0,5V/div : Y B J>juoJI « 20mV/div 

L du . i. f 

U s = - —cJbJI ôJlû> v_ 5^ ùl o-^ 

. V_sy3jjjjl /XjultJI JLo^-juuL L ^_L> _ 4 

RL OjouJ^j vJj^Loj 

■ Ojc&JjJO OljJ£jJ JÜ^JO 1 {jJj-OJ 

c \Jsljuj uiiSuo ^jOLc >93 jU AjuIjj^S ôjl^ sSÂâi _ I 

oI^>j3j JJ3J0 clLljuüI3J R= 3,0£l qjuc^liijo ,^03! J^3 jo gjo v^l^JI <_sJLc C=0,33rnF 

. E=6,0 V 3 T Lû^j3^ 


Va 


q 0 - 


i J< 'V' " 





e(t) 



__5—1_ ‘ML 

T7 

■ m 




t 

1 

1 

( 


q(t) 

u^î) 

1 

1 

1 

1 

1 

1 

1 

1 


(K) 


0 

1 

0 T 


37 

2 


27 


. Lé_>fljo LJju i_ftiSLoJI 3 Jjlào jLJI gJols t =0 cüs^eJUI _u_c 

cul^eijujl JÜlC <-à jlSuO (_P«uuJ CLjujIjJiS jjÜSÜ U c (t) I CLjujIj^ Cil li>Loü juuüS i ? E 


7 

°7 


J CLljuUüJIj _ 1 


. jj£îU ôjlcLz? AjJjJ RC <*_a Ja9 uSvjLu 
. Igjulgû J\L> /)j|jJI />UâJI JuZi^SJ T J <^juUjSLjJ\ CU 3 JAJI CLOuiiJI ^Jt-juuol 

T 


. p > Sj Li 2 jiSuoJI ol jLûLcLi v jjjjljuuJI J 13 -juuJI ^jjülQj ^_ 5 \JLc v-_jlP'I é f G 


\T 


J CLljuüuJL _ 2 


?s [0;37] JbexJI ^ i(t) 3 u c (t) «ULaJI ôjufc ^3 Jix> _ 3 

Cju^zj pJLo^jo LP-003LÛJ03 L = 250mH JjoL^jo uü 5 uoJI ^35^ ^jLuuJI ^juiS^jJI — II 

. E=6,0V3 R=50,0£l v_svjo3^JI J-^>_9joJI CL03UJ0 ol 






























































































R 



jLü sSÎ jjou \J LjJu I ûî ^-|ÛLSii3 jLûJI giols ,3!^) t —0 cÜô^JJI 


RL ôJjJI \^3 jLûJI cLolsJ cLajüIj-XS jjüsu i(t) jjQjJl cLajüIj^ oî liLoJ j-iujS t t G 


T 

0; I 


J CLljuUüJU _ 1 


. Ig-ûlpj J\L> >oJl jJI /)üôJI c: 
jLjJI /)l_Xaj\J gJaiü ôjljJI ül jLji-clj ^9 jLuüJI JI^juuJI jjjulqJ 


. jj $jJU ôjlcIz) c Lj>I julc 

T J àuuUjSüi\ CU^jjJI CLOuJÜI V_jljuUoI 


I t te 


T 

r T 


J CLljuULjJU _ 2 


. T=0,10s oî UjjjlcI li| te [0;3r] JbtoJI ^ i(t) s Uc(t) qJbJI ôjuî> ^3 Jio _ 3 

Osülm J3 %S3 joJ| 03lbJI 2 

L v_sOljJI Iç^ujSzj JjoL*x> cLs 2 jhJj 3 v_sv-Lu>o Ch-' ‘ r cuJL>ljJI c *ju 03 lûJ 03 t E <^33 IjJ^ 

. cdLô_juül JiLjJjJI v_sv9 LosS vil^pîjo 3 £ v_svjLl) /Aj^> gx> LSjl 3 iJI ^jOLc cç^>jo £ r A cuJL>IjJI I 0 -ÛO 3 IQJO 3 
K . L=1,0H 3 £ R=r+r'=90ft £ E=9,0V ysksù 

v_$v9 jloJI jLjJI 0 jljuü jl>U £ K jLjJI gJols ^JLc _xjlc — 1 

. I CLûb ^j0ul9 c Luuoj ÔJuo Aszj ôjljJI 
S* li>LoJ T viljJ^uoJI J^jljuJU Jj3i _ V 

. cLsi^Jj^JI V _5v9 cU 3 Jj*joJI ctsLLJI — £ 

qjzIsld qIjS &üjj i vilj^joJI ^l&LjjjuS £ K jLJI g-L>ls £ü-àj _ 2 
^jljuuoI . Jp^oJI ^ 3 >o J 3 ^ ^ 3 àJLo J-c*j cLalax) 171 = 5,0g 
. g=9,8N/kg _x>L . cuJ^xJI cdLSJU h 



. h'=7,0cm 3 ^ pjoJLaoJI cdLiSJI %\süj\ clûjJî^JI — 4 

T li>LoJ j-kjj3 — I 
. viTpiJoJI V_jojuUL>I _ 





































RLC 5 RC 5 RL ôjIjJI 

<u*ioUj .p^Jx. OjJUJI <lüuuJI 


oUûSüoJI 

1 (JJjJOJ 

U 2 3 Ui <jjjJ3jJI v»L juul> — 1 
U = Ul + U 2 ! 3-ûi Lo^jJoJjjO (JjU >J3jJI ûl9 v-_sJl^jjI <Juul^>jO <JjJÜSuoJI ûl Loj 


3 

c 


u 2 =% U,=% 


C, , 


U 


I /xla ;3 


. ôjIjJI Jaüj gjjoj> v_sx9 cûuulôJ 3^ CLJI3JÜ0 ôjIjJI v_sx9 jLoJI ^LjJI ût L0J3 U = + oî çSl 

Ci c 2 


U = Q 


"1 O 


- + - 


c x c 


■Q = 


U 


2 J 


f 1 1 ' 

- 1 - 

c c 

.M ^2 y 


jî isî Q Qi Q 2 


U 


v_sJUIj 3 


u 1= ^=Q 

r c 

v -i m 


u 


Ui = 


U, 


u 2 = 


'1 O 

- 1 - 

r r , 

vM ^2 y 


U 


Cl 


c 2 .u 

C!+C 2 

c,.u 


C,. 

= 200V 

= 100 V 


'1 P 


- + - 


Q C 


27 


c 1 + c 2 

! LjjJ ^3jLuuJI JI^juJI J\L> qjo _ 2 
Qj = Q 2 = CjUj = 2.10 _4 C 

2 vJjjjoj 

CUS-juJ t Ü3^iuuJU0 JJJ-C jJ>l cÂjlSuO y_^jJoSU oJojjj /XJ U=100V ^>J3J CjlÏZJ Cl = 2|jF CUSLjuJ IûjÎ^uO <JJ*ijujJ 

. C 2 =0,5[jF 

. Cl c Ül>LjuU çS jJI CJSjLSuoJU Q CLu I JÜJ \J I <Us*LjjjJ\ _ 1 

. Lo^Jajj J iSLf jJulÂjîSuoJI <JjO J5 v_sJcu>0 ,JjU C_jljuJL>I _ 2 

U 1 =U 2 =80V _ 2 Q=2.10" 4 C _ 1: cu^t 

3yjJjJÜ 

Ol C_OtJ çSl CJQJîSjO JU CLa-juOjJIj c LxS2_juU Ci2jiSüO ^ 3 ^^-^I JUjj OLJ^ISZjoJI J\l^' ^JjO 

. çSjl3jJI vjOLc oLûjîSuoJI 

: cisljuuJI {jjjlôj IgJ ol Loj 
























R 










































e 


B 


i(t) 


i ( t ) = ^ 7 > UAB=Ri ( t ) 

dt 

u ab =R.^ 1 = RC— 
AB dt dt 

! D 3 A qju oljJ3jJI cu9Loj Û3 jIs 

U AD — U AB U BD 

E = RC.—+ u 
dt 

U(t) v_sv^JI ctJLblâJI <=U^Ls2joJI — 3 

! v_svj 3> Ll(t) usaJI clJL^LôJI cJ^laxdl 

E = RC. — + u 
dt 


u(t) = A(1 — e T ) : v_sJLJI JijdJI ^sJLc 3^ cuJLblâJI cJ^Ls^oJI Jj> _ 4 
. L^jOs^ VLJUJ0I3 T 3 A J QuSjS*} I ^ul^JI 1 _ 4 


u(t) = A(1 - e ') J^JI qJLbLÀJI sss 


E = RCA. 


0 +—e t/x l + A(l-e t/x ) 


RC 
V x 
A = E 


= 0 => RC = x 


) 


u(t) = 10(l —etrp(—1/0,1)) 

RC çS3LuojT <jjojJI 3 AJ3J0JU téyzLOjÿS *]I 03&JI qjùjS A 

t = RC 

! çS^A£ 

x = RC = 0,ls 5 A=1 ov 
i(t) i^^uuulI I jLj ÿX 2 4 

! j(t) Q-^ïulüJI jLû jjulSU 

HO =-^7 => i ( t ) = c ^ L => i ( t ) = -ea^(-t/T) 
dt dt T 

u = 10^1 — coop (—t /O^l)) => i(t) = 10 2 &xp (—t /0,1) 

! *_jljuUL>I jyj t t —0 cdàsJJI - V jlC t l j3jZ> _ 5 

di du 
dt 3 j , dt , u _ 
: IüjJ t=0 julc 
























R 


f—1 

v dt y t= o 


— = 10 2 V/s 
T 


i(0) = —= 10 2 V/s 
T 


di 

dt 



c<x/j (—t /1) => 


f-1 

vdt J t=0 


u(0) = 0 


E 


x 


2 


. T û-jojJI A ■ ^ ^AjLiiJI ^sJJ u(t) jj>JI lp-*9 J-^u v-S^JI cÜô^JUI ti /2 Jû£ 1 _ 6 

11 (^ 1/2 ) = E^l — ea>p(— 1^ 2 /'t)) 
û^ii tl/2 

g 

U (^1/2 ) = ~ = Eea^(—1 1/2 /t) 

Cn2 = => t 1/2 =t.ùi2 

T 1 

E E 

^ /)J ^ U-VjlC cul V_sv9 2 _ 6 

! ^sOLc— J cLljuuuJIj c ÎÜjjJaJI jjdULàJu 

t 1 = 2xln2 


® J CLljuUüJIj 

t f = 3xln2 

3 

: cnoj-N cJ\Jjü ^âiSuoJI ol^xâü <>C jjSù v_sv-*JI cuJLbLûJI clEIsxxJI _ 1 

! LujJ oljj^jJI O^jlS v^jljuuc> t KjLûJI giol9 ^y^ JLc Jû_£ 


E = u R (t) + u(t) => E = Ri(t) + ^ 

i(t) = — => E = R —+ — 
w dt dt C 


EC = RC — + q 
dt 


q(t) = AG x + B $£> OjJLoLàiJI cUil&oJI Jj> _ 2 

q ( ^ «—àiSLoJ I 1_2 
q(t) — Aexp(—t /t) + B 


q (oo) = B 


■ q(°°) - c .u(oo) UiîSuoJI yoUôjJI vA 

B = CE ol 9 v_sJLJIj 3 é q(°°) = C.E oî lsI E ^sJJ J 33 J u(t) 0 I 9 t —> 00 J 33 J 

! cLuAJI Jo3>JujJI 2 _ 2 














R 


q(0)-A+CE-0=> A- CE j q(0)-0 (^j t =0 juc 

! v_S^JtjJI Ji^uûJI q(t) jjuS2j3 v»_s^JL jJ 1^3 

q(t) = C.E( I — exp(—t /x)) 

kà*SüoJI <_s\3 «OUsJI 4 

: IüjJ t=0 Ak»JUI julc _ 1 
q (0) = C.u(0) = 0 => u(0) = 0 ü( q(0) = 0 

0 I 9 I 0 =0 ,2mA oub jjyj^jujjo ôjIjJI _>LjJJ Jjlo^jo jJç^o LujJ cul Loj 

u R (0) = R.i(0) = R.I 0 = 0,2V 

u g (0) = u c (0) + u r (0) 
t = 0,u c (0) = 0 =^> u G (0) = u R (0) = 0,2V 

t=10S cÜô^JÜI Jü-C — 2 

\ ^ûjlSuoJU q (ti) cuj^ljujJI 1 — 2 

! 3 -^ ôjIjJI v_s^5 jLoJI jIajJI ôjuuü LjjJ 
dq 


ûls CUSL^I O^jls 


I 0 = 


dt 


dq = I 0 dt 


41 l l 

Jdq = I 0 J* dt => q t = I 0 .tj = 2.10" 3 C 


u c (t) ^sJI 2 _ 2 


qi = C.u c (t) => u c (t) = = 5V 


i = —= : 

C 

: ^ûiSuoJI v_sv9 oJI (t) ctsLLJI 3_2 

^(t,) = ic.u c (t,) 2 =5.10- 3 J 

: v_svj03^I J-Z530JI v_sv9 J^aÀjcy ô^JuuoJI cisLLJI 1_3 

E' = RIpAt = 4.10 -4 J 
: r jJ^joJI ^ 3.^0 2 _ 3 

_- ^e(tl) -_ 93 y 

UO + E' /o 

uS 3 _*jü JjuOsj \J J 3 ;> Ü 3 SiÔj cisLLJI ^LaJo ü\J Jup? Jijuju /yJJ vjüSuoJI <jj*uuj ül 

. IJlÛ i~&JhiA_JuJ 03 ^ ^QjlSuoJI v_S^5 jI^ jCXjLjuü I J5J Lo _ 4 

6 vj jjjü 

! 13 I cJ\Jju q D jju&j _ 1 
! 3 -û^ ôjIjJI <p\3 jLoJI jLûJI ôjuuü LjjJ 

I = ^ => dq = Idt 
dt 

Qd 


| dq = ij dt => q D = I.t 


0 0 

cujb20 ^j^ïuujJI ôjuo CjûIS l3[ q D — 2 
! 3 _& ôjIjJI v_s \3 jLoJI jLJI ôjljuü LjjJ 














R 


i„ = 


Aq 

At 


Aq D =I 0 At = 4.10" 5 C 


■ Udf — 3 

q„ = C.u DF » u„ = 3?- = ^ = 1,82V 

! ^_SVJÎ> IxiS vJ2jlSuoJI iJJZ-jJjJ CLojUJI < XjuuOjJI ÔJuoJI _ 4 

q D = I 0 .At => At = ^ = C ' UDFma * = 692s 

Io Io 

RC QjJuJÿJ \JJjIoj 

1 

. QJuSLo cLcxj3 usJ-C jÂJljujü \J 6jj \Jl ûI lSI ch-^JI 

: <^âiSuoJI v_s^-t2j>o ch-' U c jj^JI Lp-Q-a^J ^svjJI cuLolâjJI cJ^lsxJI _ 2 
: oljJ^jJI àuS Lbj O^jls ,j>JLc 

u c +u v =0=>u c +R v i(t) = 0 


i(t) 


dq = duç 
dt ' dt 


U c + Ry .C 


duc 

dt 


= 0 


! t CH^jJI U v._svj LjuCxJ I J^uoJI 3 


u(V) 



x — \) 8s ol chh-h i I J\L> c 
! Ry 

T = R V .C => Ry = — = 225kfi 
! ^ûjîSuoJI v_sJcu> o ch-' U I 3 i(t) ôJuuuJI 33\lsdl 1_II 

























R 


i(t)= i = c.^ 

dt dt 

; qjj u 3 jjuoJaJ 3 ÂJI ^_s3 jLoJI ii(t) v_svj!j>£-SJI jLjJI ôJuuj <juu ^L 9 \Ls 2 JI _ 2 

u = R v ji(t)=>ii(t) = ^- 

Kv : LuJ fi $\ ù^jlà v T .-..u.> 
: LjjJ jlüæJI 03,(3 i^çnloj _ 3 
T -i \ ■ i \ T ^ du u 

ai k v 

u + R v .C —= R V .I 
v dt v 

: v_sJUI J5LjJI t^JLc A-LolàiJI ÆlaoJI g-y^ü x = R V .C 3 E = R V .I g-oj — 4 

du „ 
u + x— = E 
dt 

u = E(l- exp(—t /x)) : v_sJUI J5LjJI ,_s\JLc aJLolàiJI qElaoJI ôjuî> Jj> ol jalsü^ 

. E=R V .I Ol Oyÿsu E <^_pto_^SJI Qj$S JJ 3 J 0 qla_».üI 3-1 />j (jjïjàJI ol (jx«j Louo 

E=R V .I= 14,625V L^j j^^su < <^j*iyuJI ôjl& -jALüI_5 

■ Q j S<jÆ JIjOJI 03^3 ol ( 3 ^uOjoJI (^jo t ys^jLyyoJI JxjûoûJI gj 0 t I V 1^3 


RL vixfül usOLJ 



1 [JJ J. oJ 

! v-V-j^JI ^OwmjIj t sd-C qjülaoJI ol_y3xJI _ 1 

■ U L (t) 3 U R (t) 

: i(t) 3 L cü\Jju u D F(t) ÿ 3 JI xxsJ _ 2 

U DF (0 — L.— 

: [ Oms, 6 ms] Jb^oJI ^ o^jJI aNa, u D F(t) **sü 
: LpJ i(t) [ Oms, 6 ms] Jb*oJI ^3 JSLaJI yxxuo 

JjolaoJI 9i Ol ii(t)=ait LujJ [Oms,4ms] JbexJI ^ 
: Ao^ùJI J-£>l vJjo jloJI /xxajüuuuoJI qjo sJJïD c ^>3joJI 

oî LS\ i, (t) = 175t oli (_sJUIj 3 a, = —= -^- = 175A/s 

3 Y a J>juoJI vjsd» u DF (t) = 100.10“ 3 .175 = 17,5Y 

u R (t) = 1750t 
i 2 (t) = a 2 t + b LjjJ [4ms,6ms JbsuJI ysvS 


a - — 


0,7 


, =-350A/s 
At 2.10" 3 

i 2 (t) = -350t + b => 0 = -350X6.10" 3 +b 


b = 2,10A 

3Y A J>^l^ u -( t ) = - 10ai0 " 3 - 350 = - 35V oM 4(0 = -3501 + 2,10 

u 2 (t) = -3500t + 21,0 

2 \jJjM 













































R 


; i-l,20A cüjuuj v_s^jIjLü Igj jjoj Io-xj^c cisi^juu^JI v_sJcu>o ,jju Ul _ 1 

di . ^ . T di 

— = 0 => u L = r.i = 10,2V c u L = ri + L — 

dt CLûU jLûJI ÔJUuU ül Loj dt 

! t—0 qla.:*JU I JülC ^..sdcu^jo qju jj^-dl ^IjOul9 I_2 

; t cdo-^JUI ^_s& <JuU 

u L = ri + L— = 8,5(l,50-200t) + 42,2.10“ 3 (-200) 
dt 

u L = 12,75 -1700t - 8,440 = 4,31 - 1700t 
t = 0=>u L = 4,31V 

! Ul />-Xsl«j I c dà^eJUI _ v_j 

u L = 4,31-1700t 
u L = 0 => t = 2,5ms 

3 yJjJttJ 

! ^>Oj|jJI fi UojJI i ir \3 CLSj-jÛJ^JU jloJI jLJI ÔJljuü i_iLuuL>- _ 1 

—~ 0 ol i-SI «UjIj jLuül àSjuJ Lo Jul C Q ojIjJI oüfljJI 
dt 


E = Ri => i = — - 60mA 
R 


E = R.i + L.—= Ri 
dt 


ùl 9 V-5JLJIJ3 dt 1 oljJ^jJI ^jkSLoj ù^jlà LujJ 

; I CL 03 IQJO Jloj^j /)JlC cJL> V_sv3 — 2 

: /xîIjJI />LkûJI v_svS cu 2 j-aJj 3 JI v_sv9 cislhJI 1 _ 2 

g 

E = (R + r)i => i =- : /xJIjJI />UôJI ^ jLJI ôjuJj 03 !^^ cJbJI ôâ^> ^ 


R + r 


: v_sv-û> v _ S v3 qjjjL^uoJI ct3ÜaJI 


1 


1 


t =-Li 2 =-L 
Sm 2 2 


= 1,4.10 4 J 


R + r 


; /)Lcwxll IsLoJ 2 _ 2 

I v_sv3 cLHuULdoJii^ c(3ÜaJlj /)LouzJI ôJjJI ^3 Jj ôJjJI £+9 _Ll£ 

ljuï> ^JI+HUÜ ^JUU 3 v_SVJI jLJI <- _5 nJ^1juO 3^3 j_juJLuoJ I ^^V^iiuoJI ^_sS V^jSjjO ^oLcW^JI 

■ +* Axi .!-I o^-SZjOv Jl ci3lhJ| Lp-JJ J3 ^LLajü v_5v_*JI ciSÜoJI JÜjJjI 

. v_5\jo3\J| JuZ>3joJI <jjo JS v_s^9 J3^> J$szàx>j àjj\y> ci9lb _ 

. /jLoozdl v_sv5 ^3-2) cislb _ 

4 ûj>oj 

; t cdô^JÜI JÜC cu^jj^jcJI cüüaJI j+jSÜ _ 1 

M LiI 

: L s r' s r s E«J\Uu E, _ 2 


^ 2 L 


1 „ ( E 


\2 


&xp(—2t I x) 


v r + r 'y 
oUô^JJI jj-c ^L«ua 2 > _ 3 


















R 


L 


l.f E Vfl 


\ Z J 


= -L 
2 

U5t) = jL 


r + r 


r + r 


2 (\\ f\\ 

- - 1,8.10” 4 

U J 

'O 


V^ 2 ) 


= 1,8.10 


l -4 


vey 
'O 


Ve 2 ; 


f E 1 

2 

r 1 ^ 

- 1,8.10“ 4 

f 1 ^ 

U + r'J 


10 

10 


U ) 


U J 


^0 


. jJuouo3\JI 3_oi J^3 joJI CL03IÜJ0 (jjuLs {Jjo Lj^uoj lSâJI jL^JI /xjuuI _ 1 
U AM( t ) =-U l( t ) =-R * i ( t ) : U AM>^JI - 2 


u bm (t) ~ u 2 (t) “ri + L^jy 

^ ■ Ubm 0 e 

u s( t ) = u i( t ) + u 2(t) = (r-R)*i( t ) + L ^r 

at : u s ,_sd£ 

Ug (t) — L—“ î t QJLjuuJI jjliS&JI V _jljuuO LijjJ R=r ^Lo^LûjoJI JÜlC _ 3 

dt 

U R = —Ri => i =-U R ! R (_su>3\)l J^s^joJI >_sJaj>o ><3jJI tujJ3 

R 

/ x L du R 

U s (t) =-- 

R dt olsoJUUs 
: LujJ [Oms,15ms] JbtoJI ^3 Ji+uJI v_^uu^> _ 4 
u R (t) = at + b => u R (t) = -9,33t + b 
du. 


dt 


■ = -9,33 V 


, . L du R 

u s (t) =-- 

sw R dt 


• L = 


u s ( l )- lv : dJAS LujJ 
Rxu 8x1 


dU R 

dt 


9,33 


= O 386 H 


RL ^jOlJqj i jJjLoj 

. CLlSZJ^jO oljJ3jJ JJ3JO 1 (JJjjOJ 


ôJlcLzj <* 3^3 CjuÜ >J 3 jJJ jJ 3 jcx^ JJ 3 J 0 JI ûï sSl e(t) = E LjjJ « te 


T 

0; i 


JbtxxJI ^3 — 1 


. UiiSuoJI <JJ*uuJ ÔJlû} ^_s3 J Là C^SLjuU v_sJLJIj 3 t >0 

v_sJUIj 3 5t < — => T > 10 T = 10i?C ût lSÎ £ > 5r Ü 3 SU ol >oJljJI />UôjJI ^jdLc J 3 ^l^JU 

r^n = 10./?.C « 10, : T j 3 jJU <Kajjjsü]\ CU 3 JJJI cloujUIs 

T 


^3^11 ^JjLi ÔaJj v_S\^3 jLjJI {-9jj>£Lj ü JJ 3 - 0 JI Ol V-Sl — 0 LujJ e t G 


-\T 


JbtxxJI ^s3 — 2 


. <_ûiSuoJI gr!>ÛJ cJLfcJI ôÂà v_S^ 3 vîILà C^SLjuU v_sJLJIj 3 t>0 

cuxjjlIIs v_sJLJIj3 5t<T => T > 5t = 5.RC oî lsÎ f > 5 t oî >oJIjJI />UâJI ^jOLc J3-^^JU 

r^n = 5.R.C « 5, : v_s^ T j3jJU cuajjJlJI cü3jjJI 
















































R 


: v_sO LhJI J^uoJI-3 


0 


u^t) 


1 


H--H-1-h t 


E 

R 


i(t) 


E 

R 


H -- ^-1 


jjüsü$ t>0 jj $jJU Cju b jj $jJU jJ^josS jJ^joJI oï ssl ^f ) — E Lu jJ t ^ e 


T 

° ; i 


_ ii 

Jl^oJI v_s^3 — 1 


■v_svj 03 ^I J^3joJI3 cU2jljJj3JI v_sv 3 jlÿJI 

T L 

cuxjJlIIs v-sJbJb3 5 t < — => T > lOr = 10.— oï ssl £ > 5 t 035b oï >oJIjJI /)LlâJI ^jOLc J3 ^l^JU 
2 /? 

^min = 10.— * 0,05s : vJNâ T j 3 jJU <KjuJjSü]\ CÜ 3 jjJI 
R 


^3^b cjjb Ô+Jj v_s\^3 jLûJI ^JolîiS 'J^jjÆüj jJ^joJI oï v-SÏ — 0 LujJ 1 t E 


-\T 


Jl^oJI \^s3 — 2 


0 


. RL ôjIjJI jLjJI />l jlsjI JLd> 03^b_*jj v_sJLjJLi3 t^O 

^uxjjlIIs v_sJbJb3 5 t <T =^> T > 5t = 5.— oï lsI t > 5 t 035b oï /xjIjJI /)UôJI ^jOLc 

R 

■ v_s^ T j3aU cLuüjiijJI CU3JJJI 

^ r ~ T - - 5 i - 0 - 025 * 


î (0 




0 r /2 

«£.(*) 


0 r /2 


-H* t 


-E 





















\A\\ 


R 


v-e 



Qsumj$ %S3 43lhJI 2 

_ 1 

old ^UU 3 /y j IjJI ^oUôjJI O^SL^juü ÔJj\j I PjOulS (\ju£u LoJulC_ I 

F 

I = — = 0M 
R 

(XXXjuJJ \ls \_5 \JLJIj 3 v^SN^liuoJI < h _s > 3 />lo«£jl V_-> 

■ JpuoJI v_S^JI jlajJI 
\ <*sz+jjj$}\ v_sv9 ^3jJ*joJI ciSÜoJI _ £ 

f„=ii/ 2 =0,5.10-V 


A£„,=I„=A£„,-A£ c 

A ^c=0(v,.=v / =°) 


AE 


-AE 


â 


mg/î =^> /z = — 1 — = 0,102m = 10,2cm 
mg 

. <Uj 03 \I| C-M^joJI v_sv 3 J^aàoj ôjIjJI >_sv9 cU-ujuJaiaoül cièllaJI £lyb dJLd» _ 4 
AE” = mg/î = 0,343.10 1 J : i_s^> dl_>=toJI (_9>k> l _ > o ASJLgj^juuuoJI 49ÜaJI 

: gjîs dJ_>SüoJI 

AE' 0,343.10” 2 


AE 0,5.10 


,-2 


:67% 


K 


© 


■OU 


J 


K 


QjJI^jüo RLC ô^b u5n 3 d„pJI oUJüÂJI 

1 

! Uc(t) CLÂjI&joJ «w'jujûül W»QLjuu JcUj Ipj ^/XjLljuJ v^soj I ^LlÂaSJI _ 1 

cLub* JijjJI jJôjl 

J\L> u ^iS[jÜLJ g_JUü3JI ü\J sSj3^ CLljuJ oUjüJLJI /)Uâj _ 2 

■ t û-°>JI 

! JSLjJjJI <JjO j3_)JI ^IjljuJ JuJc^j _ 3 

T=4ms 

: L v_soljJI JjoLs^jo _ 4 

To objuJûJU ^^bïJI j3 jJI lS3Luüj j3-jJI c Ijljuj ûl LujJ 

T = T 0 <=> T = 271VEC 

T 2 

T 2 = 47l 2 L.C ^L = —— = 0,40H 
47i 2 .C 

2 \jJjM 

! I l _a.A^>jÜ I 4j LajJ 1 

JAjuuJI _>lô>I 
: i(t) j+jsü - 2 


S 

L ■ 

' J 








































R 


./s dq 27 ü^ . 

1 ( t ) = -7T = -—Qo^ 
dt T 


^ 271 ^ 


-t 


V 1 J 

\ { j r KJJuj^xj t cdô^JUI V_sv9 ôjIjJLI culSJI ciSÜoJI _ 3 
qsUoJI gjoj^o v_s^ cdô^J JS ^ ôjIjJLI cuKJI ^UoJI üL 9 cuJlix) ôJjJI ûl Loj : ^ 3^1 ciajjJaJI 

: ûl çSl ^5^9 ciiàlkJ^ cJüSuoJI V_sv9 cLub^SJI 

L = £ + t =—— +—Li 2 
St Se Sm 2 C 2 

: cujLJI cüîjjJûJI 

: ûl cSl c_ûJSuoJI v_svS cü 3 >^jcJI CO 9 Z 1 &JI cislhJI s _ S v^ ôjIjJLI cuJSJI 3i*lhJI 

F = 1Q2 

St 2 C 

3 ûJ>oj 

■ U|_ 9 Uc qjo JSJ ^üL«JI wjdLc JuuuoûJI — 1 
Uc(t) JJ 9 JI ^s^JI cuL^LâJI clLIsxxJI _ 2 

! oljJ9jJI cu9LoJ Û9jIs c_j^ 
u C+ll L =0 

di . dq 

L UL= V 1 = ^ q = Uc ' C 

u l =LC^| 

L dt 2 

T „ d 2 q _ d 2 q 1 ,, 

LC—7 + u c = 0=>— 2 + —~ u c =0 



u c (t) = U m cos 


dt 2 

f ln_ A 
v^o j 


dt 2 L.C 


9_û> cuJLbliüJI cJ^lsxxJI Jj> _ 3 


: To 9 U m 

; U m ju_ûû 

U c (o) = Uo = U m COSO ûl çSl lSc^ziS ^jJojjjo ,JJU JJ9JI Û9J*uJjuo c_ûJSjoJI t =0 clIôj^JJI JulC 

U m = U 0 ûl 9 v_sJUIj3 
: To ^L^JI , 3 aJI ju-ûû 
: cuJL^LàJI clLIsxxJI v_svS J^JI ^9^ 


du ( 

dt 2 


- + - 


1 


L.C 


u c =0 


U c( t ) = U m CM 


f2n ) 
— t 


1 

II 

U 

2 c 

(N 

T3 

r 2 ti^ 

2 

U m c«t) 

f 271 1 

— t 

T 

V A o J 


dt 2 

v T o, 

m 

T 

V A o y 


^27ü" 

2 

U m CM 

f 271 "1 
— t 

+ 1 u 

COÔ 

f 2 k ) 
— t 

Jo/ 

m 

T 

V 0 y 1 

L.C 


T 

\ L o J 


= 0 


f 

1 

f 27t ) 

2\ 

U m 


f 271 "1 

= 0^ 

f 2ît l 

— 



C04 

—t 


L.C 

J 07 

) 



T 

V. 1 o J 


vTov 


L.C 


T 0 = 27lVL.C = 0,34ms 



























































R 


4 <j jjj&j 

. t qjojJI &° û\J c *-î lj ^ v_s^ Jâ^^LoJI oUjujJI /)Uôj _ 1 

! oUjujJI ^3 jOJ> jjljulLSÜ — 2 

l fcjS v_S^Jl3 cLs^j^Jj^JU r CL03LQJ0JI $ 9 . J>3 cL>i*Ju culSJI cisLbJI ^iSLu ^sJl oUjujJI >juulûj 

. J^> cislb ^sJJ <t^LjuoJI culSJI ci3lbJI 

: ^âiSuoJI v_svi^>o ijuü Uc jj>JI Ig-ë-a^J v_s^JI cuJL^LâJI ctblaxxJI _ 3 

: ol^j^JI cusLoJ û3jls ^iujj> 

:0=>ri(t) + L —+ u c =0 
dt 


u L +u c 


i(t) = c*^.*=C^ç 


rC^çL + LC 
dt 


dt dt 
d 2 u 


dt 


dt 


2 +u c =0 


d 2 u r r du r 1 

—^ +-- +-u r = 0 

dt 2 L dt LC c 


. T—lms ! objujJÜ X j 3 -^I c Ijljuj ^juusu _4 

: CU)_XS 2 juO CL2jhJÎJ 31J r CL 03 IQJ 0 JI jjiiSZj _ 5 
: U 0 J 3 JI Ig-ë-a^J v_$oJI cuLblaJI clEU*xxJI 1 _ 5 

u L+ u c = 0 L —+ u c = 0 
dt 


i (t)= c^,^=Æ 

v ’ dt dt dt 2 
LC^^ + u c =0 


dt 2 


d 2 u r 


- + - 


1 


u n =0 


dt 2 LC 

u e (t) = U„ aw(cot + cp) : v-sJLJI JijJjJI Le ^JL^LôjJI clEU*x>JI Jj> 2 _ 5 


: U m j+jSÜ 

E 

u c (0) = E = U m aw(cp) =^> co^cp =- : LjjJ t=0 clIcl^JUI jul£ 

: cloJl^juo ^_s& j\jüJ\ ôJuJj t=0 cdâ^JUI ^_s3 

u c (t) = U m Cad (cot+ (p) 

i(t) = —C.C0U m ôin (û3t + (p) => i (0) - -C.C0U m ô'ui (tp) - 0 
ôin<p = 0 => (p = 0 aa(p = 7T 
ca cp > 0 => cp = 0 


an (p = 1 = 


U„ 


U m = E OÿSuuuj (_sJLJIj 3 


T a = T = 1 ms 


(0 

LC clJLoJI ôjIjJÜ ^3-dI i-S^Lulu ^-La-juj ol t qjLujJI lJI ^juJ I J\L> 

! v_sJ IxJ I I (- _ 5 \JLc OjJuOjJ I ^ LsZjoJ I Û^lji xjJ v_$J LJ U 9 

u(t) = 6aid(2.10 3 7tt) 



















R 



: q(t) 3 _ 5 

ol /xlaj 

q(t) = C.u c (t) = 1,5.10“* aw(20007tt) 

! i(t) j+jSZj 

i(t) = ~~ - -3ît.l0“ 3 ai» (2000îtt) 

! oUjujJU L^JI j3 jJI j+jsü 3_5 

T 0 = 2TZ-JÜC 

! To ^bJI J 3 JJl lS 3 LuüJ j3 jJI CLiljuJ ol LoJLc <^S 2 j»juJ 3 JÜ L v_SVjIÂJI {jÀJjJZüJI JjoIsjO ^JOsjkS vLuüJ> _ 6 

T = T 0 = 2tiVÎIc => T 0 2 = 471 2 L.C 
T 2 

L =—^— = 0,1H 
4tü 2 .C 

! cUjjJ?- oUjji> l _5\JLc Ro 4jo3lfijoJI 4 jcxj3 _ 7 

. T di 1 d 2 i . . T di 1 d 2 i 

: g dt Cdt 2 0 dt C dt 2 

, _ v T di 1 d 2 i _ 

v dt Cdt 2 

,_s\JLc 4JL<ol-àJI 4_):>laoJI ol oUjui ,_s\JLc J^^usJU 

: ^sJUI J^iJI 

/ „ v T di 1 d 2 i _ di 1 d 2 i 

v °' dt Cdt 2 0 dt Cdt 2 

5 sjjj joj 

: pJjo^jo <*SZ+jjj$}\ CLo 3 LûjO cJL> V_sv5 — 1 
: Uc(t) I lg_Q-aj*j v_sv^JI cuJLblâJI cJ^laxJI 1 _ 1 

u l +u c~ 0^ > L — + u c =0 
dt 

i(t ) = C^,—= C d “ c 


dt dt 

LC^-^ + u c =0 


dt 2 


dt 2 


d 2 u r 


-+- 


1 


dt 2 LC 


LL, — 0 


£ t cuKJI 4slkJI jjulSZJ 2 _ 1 



























R 


4, =^Li(t)- +^Cu c (t ) 2 


U c (t) = Ecaô 


2K 


-t + (p 


V 


dq _ ^ du c _ 


i(t) = ^ = C. 
w dt dt 


S, =-LC 
2 


4k 2 E 2 


ÔUl 


_ 27tE . 

[2% ^ 



C ôui 

— 1 + ( P 



T 

V T J 



271 4 

1 

o 

( 2k 4 

— 1 + 9 

+ — Ch ce* 

— 1 + 9 

T J 

2 


l T J 


T 2 = 4îü 2 L.C => L.C = 


471 


S, = — CE 2 ôîh 2 
2 


f 2n ) 

1 ^-r -,0 ? 

f 2 k ) 


H —CE 2 coô 2 

— 1 + 9 

l T J 

2 

lT J 


5,=-CE 2 

2 

S t = —CE 2 
2 


4Wt 


271 

— t + ( P 

V 1 


\ 


+ aw 


271 

— t+( p 

V 1 




/y 


: cdLo^jo qjo^Lûjo cüb> V_sv3 — 2 

: st^JI <=U^>LszjoJI 1 _ 2 

u l+u c = 0^> ri(t) + L—+ u c =0 

dt 

i W = C^îç,Ü = C% 

w dt dt dt 2 

„ du r _ _ d 2 u r _ 

rC——+ LC—^ + iu =0 


dt 

d 2 u r r du f 


dt 2 


dt 2 


- + - 


-+- 


L dt LC 


■u r — 0 


jfc 

—- = —ri 2 oî { jjuû cuJLblâJI clEIsoJI JLo^üujIj _ 2 
dt 


4,=iLi(t) 2 +icu c (t) 2 

^ = Li(t)* + Cu c ^^ = IÆ 2 ^^ 
dt dt dt dt dt dt 


„ du c 
+ Cu r —- 
c dt 


dSt = LC 2 du c 
dt 

d 2 u r 


^d 2 u„ 


dt 


dt 2 

d^ 

dt 


- + 


r du r 


dt 2 

1 


- + - 


1 

-’ 

LC 


j 


d 2 u 


1 


- — + —— u r = 0 => " " c + —— u r 

I dt LC c dt 2 LC c 


r du c 
L dt 


^- = -—LC 2 


du L 

dt 


\ 2 


= -ri 
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^jJI^juD RLC ôjlà wS\S ùj$d\ oUjüJüJI 



Aaajuü 3 uù5ûo fjyjju _ I 
ljw^üJI JgL uüuJI —1 

Joj^juJ 3 Jjcxajüuüj OjuL> c Lub> JjuOuoJI JgOJ 

3^ O^LJosioJI gJlszj v3- JUJ b > 3 v_svj Lo3iajo 

cLou-aJI ^svlc JJ 3 XX-II cuLiszj sSjJI jjcxJüuuuoJI JJ 3 JI -LlOcû + 
r ,= 0tl ^sJLc ^^3^1 J-g3xJI cL 03 Lûj 03 E = 3V 

CU3I5 ^Luuoj ôJuoJ (1) g^>3joJI ^jJJ jUi\ &bl3 £prjSj+ 

. US UiiSuoJI 


r R=r+r' <USJ I lpjûo3lûjo ciJl3ijo RLC ô^b ^sOLc Juzi^o3 ( 2 ) g^3joJI ^jJJ jUi\ &L>ls 

. 3JI cu^libo 

^ûiSuoJI i^Ucujjq <juu Uc(t) JJ3JI <jjlaj + 

CL 03 IQJ 0 JI g 9 jj oL>jo ÔJlC QjjJzUl Jl^H- 



glojüuuJ^II 


cuic JuZI^joJI ^JVjl^juoJU 1>S3joJ (2) JijJjJI V_sv3 O 3 JUU JjuOooJ I v_SV-VJlJI /XjuJjJI JjuOJ _1 


r '=0 clhuulJIj 


? Sü3^ ^Jl^ U c (t) Jjfc T U c (t) jj$U I g-*jJ 3 1"1 

cuJl3ijo RLC ôjb ^^OLc JuZi^ü (2) gJg3joJI v_sv3 c la*g3 Jul£ 3 ^âiSuoJI Qj2ïijJjy (1) gJg3x>JI i^3 K JulC 

. cIS 2 jljuj 3 J I v_sv3 '^ûiSuoJI £>ûj cJbJI ôJlû* v_S^ 3 
■ Sü 3 ^ Cj^julJ U c (t) . U 3 L 1 UUO ljÔjlSLoJI i^Ucujjo <juu U c (t) jJ 3 jJI 03^3 
ÔJÜOC&O OÜJüJüJI Ùl J 3 ÜJ t OJO^I 2 h° vaSUJ' U c (t) jJ$U\ 2 ^ 3 - 
Ùl J 3 JÜ É ^ûîSuoJI V_sv3 cü 3 - P*joJI q3LLJI jjlC 331LJIj RLC ôjljJI ^ 3 jJ ol Û 3 ^ />Ju objujJI ùl Loj 

. 6 oUjüjJI 

: cl^M> 


ô>> oUjüJü b iS^l « ^jJl^juo RLC ôjb ci&juJj^ vJ \3 é ùycjuüuo < ùlaSud gj>aJ iS^j 

. 0 JÜ 0 ÂA 3 

■ IJL 0 Â 03 l>> Luü>^S üJüJüuo ù^iLi OjJl^juoJI RLC ôjIjJI ùl J^iü 

: o^pül oUjüjJI OjoJôüI 

X LuLuuO ^juLC.Uc(t) jJQjU LüuO \^j-tÜJQj£àS ^jjuüCX *3 QuU cdLoLâJI c ljuuOjJI ÔJüoJIX j3-^I c IjljuJ v_S^JOs_ajlÜ 2 - l 
QjJuJ LüuO ^jUUÜQjÆS ^JuÛÜOul9 QjU qJLôlûJI C ljJuOjJI ÔJuoJ I 3_^3 c IjljuU ^JjlSL» ol Q^uOJ olxjuojl lJYL^ QjO 

. Uc(t) >3^J 

T g^jJI c UjuÜU \~SUjSÜ — 

.U c (t) jJ g jJU ^JuJlüüO ^JÙüOod Jjü OJL^lÂJI ^juüOjJI OJüoJIT j£jj| ^iuuJ (JVjOuuüÜ 
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; ^jvJLc R CL03LQJ0JI jjJ\j Lo _ 2 
T oUjujüJI g_j^3 1-2 
.obJujJI jjsâju ôjljJU clJÜI CL03LÛJ0JI jjSÙ LoAJlC 

S" T j3jJI ciu lJu 2-2 

R CLOuJij \J ^3_vJ I CLiljJj ûl -Lu>\L ljL> CU^IûjoJI ^XjlÜJ CLljuUlJIj 

v-syjüJü o^^oJI U c (t) J.& ! Ijl> ôjjulS cUxx 9 CL03LÜJ0JI Jl>U Io_Xjl £-3 
. /x#jo ^3joj> LùjJ ügSu J3jJ objujJI ûl lSI v_sv-Xj_Xj jjl£ jj$j U c (t) Ijc> ô>xx^ /xj 3 R _L>b IoJul£ 
lSj3^ cIjljuj joiitu ! objujJU <juuolbü ^3^>3 RLC ôjIjJLI R clJÜI cu^IqjoJI /Xx 9 ^_j-juüJ >-4 

■ ^ /)Ucü 3 

2 JIjuJI J\Jj> 1 jjo < jjuoUôjJI <jji>b 3 x ^jOLc 
. 6 jjSLZ> R CL03LÛJ0JI CL0 ul 9 CjuIS l3 [ lSj3jJI CLljuJ /)UûjJI 

. /x£jo ^3joj> ^3^>3J l>bü objjjJI Ü3jJ vixx^ Ijl> R 03^ Io_Ll£ sSj 3^ />UbjJI 

0 clouüJI ^sJLc r A ju_l> qjo .Lu^ü -5 
. T j3-xJI cijljJj C= 1 [jF 3 L=llmH _L>b qJb^jjo v_sv 9 

. T <jjuuJü3 C=0,22|jF 3 L=llmH jc>L ! 4 jjb ciI^jo v_s^s 
S" C 3 L <jjo j3-xJI cLljJj ,^ 15 ^ Jj 3 X 
R /XjlÜj ^3 C 3 L J&+SU J3J Jl cLljJj ,J^ 1 s*aj /xs*j 
o>sJI oUjüjlII ctoJàüi — 
cLoJôjl cCi\Jj ^jOLc RLC ôjIjJI ^jo3Lqjo v_jljuüj> 

^juuIj jdUou-I 

<JjOjJI gjo Lc^JjJÜ L^_2 _juü3 oljju^ ^SvJLc JuZX^ïü ÔjjlSLZ) R 



iSjO 1 ) joLbu -w 

lSj3^ \J />ltü />UôJI IJlûX v_SV j0s^jUÜ3 /X£jO ^3jOJ> ^3>3J \j]cü objujJI d$J)J = l-)L> 6jjuS R 
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>■> »Uà>-*■ 



qjotjlàjo s s^û>S cu>3lajo ,_s\jcxjujü3 Rc v Lg-I jxyj ‘LosIojoJU ^U+»o <LojJî Jl>3j ôpJI oüijJJI ^s 3 

v_Sv 93 /jUàJU 3 -ILaJI ôJuîi v_s ^9 />LtbJI v_sux_UUÜ3 sS_j 3^ \UI /sliàjJ^ t-Sj3jJI />UajJI ,jjj J^lûj 
. L3 C v Rc VijjjiJ 03^3 <^C_)_»jlij vjJJ Uc(t) >< 3 iJI ^JLïJI ÔJüîi 

• cull>uo RLC ojIjü «uJLaIàJI *iI^IaoJI — 2 

! cUjL>* l ^ÜJûouoJI àJl3ixJI ôjIaJI 

: Jc«ù 3 D 3 F (jjJ ol_ÿ3jJI <Ci>Lo| O3JL9 v_9jJaj 

u c +u R + u L = 0 (1) 



• t di . _ i 

= r'.i 

u, — ri + L — i — C.- 


L dt 

, ^ du 

„ dür, „ d 2 u. 

- r .C c 

u, - rC c +LC 1 

dt 

L dt dt 2 


dt 


(1) cÜ^LaoJI ,_s\3 l _ K o3fij 


t/// du, cl II, 

u +r\C- £ - + rC —— + LC —^ = 0 




LC 




c/m. 


dt 1 


+ (r + r')C —— + Uç =0 


dt 2 dt 


r + r' - R 


d / /. dit, 

LC —^- + ÆC—— + u r =0 
dt 2 dt 

d 2 u r R du r 1 . 

—f + -^ +- u c = 0 (2) 

dt 2 L dt LC 


\ vjüSuoJI (_süa)jjo (jjJ Uc(t) >J3iJI LpJiûJtj >_ssJI cuJl3juo RLC ôjIjJ «CJLoUlJI ^JilaoJI 


d 2 u n R du r 


dt 2 


- + - 


1 


L cL LC 


: 0 ( 2 ) 


. oLjüjJI ôÀûi />LLü R /x *9 


iJcej3 i objjjJI ^3 joj> ô^Ub qX-— 

L dt 


jIjlsLoJI jjSIJ 


. LC «ultuo ôjb usvi ôjuoâuoJI j+t oUjujJI _ II 

q 0 ^LuJuJ 1 CLiûSZLJuJÿ G CLÀSZjuJ L_qJsSuO QjO ÔjIjJI O^^laJ 
^b*ü_*ju\J CUJLixJU ÔjljJI ô _ 3 üÎ> LÎxSjU . ClJLo^jO \jbjjJSÛ2 r CuJL>|jJ| L^j03Lûj03 L JjoLs2jO CLS2j-jJj33 

. cuJb>b CL03IÜJO ^jOLc > 93 xj oUzj-aJ^I J 5 ül Ü3SJ 

■ Uc(t) l^Àibj cSvjJI OjJ^IâJI cJ^IaaJI _ 1 
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■1 1 



i 1 

U AE 


- rcrmrm 



: LujJ ol^^JI cusLdJ o^jIs 

u c + u l=Q ( 1 ) 

di _ du r 

u L = L — z = C.—— 

dt dt 

LC^- 
L dt 2 

(1) cJ:>laoJI v.S'S ijàgsij 

d 2 u r 


LC 


dt 


2 +« C -° 


d 2 u r 1 . 

- 2 —I- u c ~ ® (2) 

d? 2 LC c 

cJ^LajoJI vÂjlSuoJI v_sJcu> o <juu Uc(t) ,J)-Q-2fcJ « LC ôjljJ ôJuod*joJI j+£. cLubj-^SJI objüjJI J\L> 

: cuJUI cljJL^LôjJI 

d 2 u r 1 

—^ +- u c — 0 

d? 2 LC 

: qJL^laJI ccblsuJI J^>- _ 2 

^sJLc LgJL> L-bbj i cuilill ijjo «CJa> cü^Lsjxj —- =0 tCJLolàJI <U.sl&oJI 


dt 


2 ' LC c 


: v^JUI JSLjJùJI 


M c (?) - U m COS 


2 ;r 

T 

V i 0 


t (p 


. obiujJI g_juJ3 U m _ 
. t £ujLJI oli> cÜô^JJI j^loJl 


^ 2 ^ A 

v ■‘o y 


. oUjujJÜ j 3-)JI ! To 

(t— 0) éyjl^JI JU£ j$]aJ\ '. (p 

: u^bül j3jJI j**sù JifJLsü — I 


: cuJLalftJI ^Ü^lsaJI <~S u c (t)-U m cos 
d 2 u 


f 2 K ^ 

- 1 + 69 

T 

v y 


JjaJI 


"c 


dt 


= -U„ 


^2;r^l 

2 

f 2;r 1 


r 2n^ 

Joy 

COS 

- 1 + 69 

T 

\ Â o J 


V^oy 


u c (?) 


^ 2 ;r V 


1 


T , 

v J o y 


A 2^ 2 

v^o y 


, c (?) = --«,(?) 


1 


LC 


L n = IttJlC 


C ^ûiSuoJI CLSLjuUU3 L <^U^pfcjJI JjoLsjOJ ÔJjOJ^joJI JJ-C oUjujJU j3-jJI ,jjlaju 

L 0 = 2jrJ~LC 

(s) . clùLJI v_sv^ oIjl^JU v_svjoJLdl />üôJI v_svS To ^bJI j 3 jJI ôjl >3 

! vJNAjuJsü iJJjdDJ 
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. <U)UI To ojl>s wî àla/^l 4Jàlao ù-a lh-> 

: U m 3 (p jlfjl sü _ v 

(JJjIjlÜjoJI (_^C jjSù sSl . i_s^9 i-àiSuoJI JulC 4jjJlJI Jo 3 jjüüJI Jôsü Um s Ç? _/0*9 JuJjejJ 

. t ooK lo 0^5 QuûJL^LÔO jjJIjJI ol jloclj t=0 clJô^JUI i(t) 3 Uc(t) 


i(t) = C.— ^> i(t) = -—.C.sin 
dt T n 


2k 

- t + (D 

T 

K 1 o J 


LjjJ 


jLü lsI L ^ j 3 jjzj \J cis2jljuj3 JI i ( 0)—0 LjjJ t— 0 qJàj*JUI _ll£ 

27T / X 

/(O) =-.C.sin(#?) = 0=> sin^ = 0^> #? = 0 #? = ;r 


. u c (0)=E : û 3 ^ïuJjuo uiiSuoJI cuIjuJI St s^3 
cos(^>) >0=> (p = 0 0 I 9 U m >0 3 E>0 ol L0J3 m c (0) = U m cos(<p) = E 


u c (t ) = Zscos 


^ 2k ^ 
vO, y 


ols> v_sJLJIj3 


. i(t) 3 c|(t) tu j ttJuuJI jj>*su _ 5 

: i_s^jîi <-àiSLoJI cusuiJj ol /xlai 


g(0 - C.u c {t ) - CU m cos 
q = CU 

J-m m 


2 ;r ^ 


f 2 k \ 

— t + ( P 

= cos 

— t + <P 

T 

V i o ^ 


T 

\ 1 o J 


■ v_S^J lj I jLjJI ÔJuuü 


-Qm 


./ x dq . ,271 x 

KO = — = -q m &. b sm(— ? + <p) 
dt T 0 

2 k ,2n r ,2# 

- "zrCOsOz - ^ + <P + zz) - On cos 0z“^ + Ç’ + zz) 


u(t) 5 q(t)J^uf v^l^^Kt) 

j3JoJI v_s ^3 £jujj <_sJLc C|(t) 3 Ll(t) ûl J3ÜJ 

u(t )3 q(t) U La-*-oÜI JuuLoûJI 
(p — 0 3 q = Qm IjJuoC t=0 CÜÔ^JUI V_sv9 

271 

q(t) = Q m cos—f 

2;r ;r 

KO = 4 cos(— ? + -) 

i 0 ^ 

. CU)_XS*JU 0 v.svjljj^SJI jLjJI ÔJuuj Ü 3 SU CU 3 ^aS ÛLîSuoJI CLOiijJj Ü 3 S 0 / LoJulC : CL 2 ) 3 ^JLo 

■ ^âjuüü^Jlj uLliüoJI \jjj ÔdLbJI oJIajjI — III 

dJUAS ûÎ3 = —CUç cLuU^S cislb ol culSuob ^fiiSuoJI ol cUbLuJI <jju3jJlII V_sv9 LJL^3J 

■ = ~ C/ 2 cUjuo^^ q3lb Û^pû ûl Lpjl5uoU 
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: clJIüd LC ÔjIjJI ks3 cidlkJI _ 1 

■ cuJUo RL o^b vjvd yjojJI cÜDjü olSLbJI jjszj üLâ^uo 

^fiiSuoJI V_sv3 àuJ\jj$SJ\ ctslbJI £$xyszx> cilâj*J J5 v_sv9 v_S^ LC ôjljJI ^3 oJ| ^3 clJSJI qsLLJI 

. = —Li 2 v _ S v9 oj^jàiLoJ\ cisLLJ^^ = —Cüç 

£=£ +â =-Cu 2 c +llÂ 2 

Jt Je Jm 2 2 

cJ\Jjj £ t ,£ e9 £ m Cj\j+SÜ CLubr Jji-OJ 

■ O-ojJI 

^^Üju LoJulC cisLLJI j+àJJ iJi-S — 1 
^âiSuoJI cü 3 >^joJI cisLLJI 

^^iLu Lojü-c ^ qsLLJI >j^u '-ûj^ _ 2 
^ 5^9 àJ2js*LoJ\ c 0 ÜaJl 

Vu^lS'^ cuKJI qslkJI jjSLjJ * *SL > S _ 3 

ôJUI üslkJI jjuSZJ 



qhlaoJI J^> JLo^LajüI t qjJLûjjJo j . t qxjJI J\L> cuûb LC cuJLuo ôjIjJ cuISJI qslkll ol L-^Lj CjuuÏ — 4 

. ôj-jujL uo qJL^LâJI cJ^LsjoJI (JLo^sjLajjI^ c ^jJL^LâjJi 

: ct^)\L> 

s5v3 cü^jmJI OjJjlJI cidLbJI sS$Ihjj$ ojojJI JM> ojjU LC cullüo ô^IjJ ëuLSJI «3lbJI û>li 

■ VAjlSüoJI 

tS\S QjuuüuJsûâa 4dlb vjùSüoJI ^s\3 ôjJüj^iJI cidLbJI ojüoâaJI oUjüjJI J1L> 

■ £up£«0 gjU^JIj ^AjuÜjjJI 

â=â+â -—Cul+ — Li 2 -—CU 2 =—Li 2 

j t j e j ut ^ c ^ ^ ^ 2 m 

. cUl^uoJI RLC ôjlJÜI <SÀ «ISUaJI - 2 


cuJI^uo RLC cÜ\Iju Ô3lbJI j jâ? oLul^juo ^juj^ 

/xj\Lo jlpj> clLljuüI^j <jjLl/ cloj^juo R cuiSJI cu^IqjoJI clJI^^jo RLC ôjIjJ cluüjj^j J\L> 

JijujJI v_sv9 cÜJuoooJI oLl^juoJI ^svJLc <jjojJI ^J\Jjü <^ t ,(^ e ,(^ m 33lkJI oLul^Juo uÆjâH l_LgJ 

: cljL> 



temps 
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u A b = 0 3 i"=i + =0 

Ug — U AM ~ U AS U SB U BM 

= —R^i + Ryi '+ R { , i ' 

U AS ~ U AB U BS 

-R { i — 0 — R { i ' o i — i' 
u g — R 0 i <=> u g — ki 
k = R 0 

G jJ^oJI Lpj jsSjJI (L,C) ôjIjJI vÂiSuo v_sJ^u>o <juu ^Lul^o 

! ^ûiSuO i^icüjJO <JuU ^UjLs^jO Aj-C 

oUjüjü JLà R 0 <R 

Quuuj> \J oUjüjü dJljLûi R 0 >R 

QuuuJ> oUjujûJI R <jjo J-J-ûj jjS I Rq 
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■ cuJI^juo RLC o^b oj^JI oUjüJüJI 
■ Ojui o\jj OjJUjjkd Le Uj^JLSü OjJUI OjuuüJI 

1 (JJjJOJ 

. (1) JljjJI . RL v.s'jIâj st 5 v ^-m>° ch-^ L^uujuo LûiSuo 

. vÂiSuoJI v_SV-Lü >0 <JjU Uc(t) ol^xâj (2) JIjuJI JjuOsJ 

. Uc(t) cLulaxxJ wjâ_juülS J cüj <\+sl& c tJLc (1) J^LujJI JjLil — 1 

S* oUjujüJI /)LLû Lo _ 2 
. T j3aJI cujJj _ 3 

ül JJÜSÙ . v_ 50 lJJI JjOLs2jO C = 1 |JF v_SV-Û> JjO^ÜuUUoJI vÂiSuoJI QSLjuü ül loJLc _ 4 



u^bJI J 3 AJl v^Luoj T j 3 jJI cUjJij 

- 


K 



R 


2 (JJjjoj 

CL 03 LÜJ 0 JI . K jLJI &L>l33 L v_svjIàJI JjoL^jo C QJsljuj ^aiSuo <jjo PJ 3 SU 0 JI ôJjJI jjüsù 

jLûJI gjols /XJ Qo sLj^-SJI c LuOsS c b-*jJ3-J JL>I JjO^fcJ Cjul>U vÂjlSuoJI <JJ* 1 jujJ . 3jO_XS2juO ôJjJU CLiJiJI 


9(0 = Qo cos 


. K 

I v^juiSjjJI ^üLuü J&uuJj\ _ 1 

2 ji \ 

/ ul LoJLc i(t) ^ ^JL> _ 2 



. t cJâ^JÜI Ju^C ôJjJU cçdSJI ^3ÜaJI yj£. jjS^ _ 3 

3 

^jOJLjuUUO JJ 3 J Cjl2*J IqjljuUUO Ij3>1juJU 0 C = 47,0nF CUS-juJ Lai^uO JJÜSÙ 

v_SVj|jJI Lg^QJjJfcJ JjoL^jO CISjljuJ 3 J ^ûjlSuoJI v_sJdJ >0 ■ Uo = 6 ,OV 
jLjJI j 3 >cxJ ^^ 3^1 ^sx^iiuoJI 1 cULo^jo Lpjuo 3 lûjo 3 L=65rnH 

! c lJLô_juJI JijLiJI (^5 x9 JjuOjO v_S^JI 

V-fijiSuoJI v»sJûJ>JO Uc(t) ^3-^1 Lp»*JLc Jju 03 J-Qjl _ 1 

. Jjlû^juUUO £\LLlZj\JI V-SX9 CLS 2 jljJj 3 JI v_SV-Lu >0 <JuU U|_(t) JJ 3 JI 3 

. Uc(t) ^scJI cuJL^lâJI cJ^LaoJI Jl> 3 I _ 2 


^jl> . u c (t) = U m cos 


f l7l ^ 

- 1 

T 

K 1 o y 


3 _d> cuJLblâJI cJ^lsxxJI Jj> _ 3 


■ To 3 U m v- 5 C*- 0 u3 

4 vjj>oj 

CO 39 -J 3 J 0 ^LljuuI 3 j C=0,25|jF cus_*jü LûîSuo 
JjOLs2jO ^151^^3 v-S'-LüjjO ,JuU t=0 Q^joA]\ AjlC c U^>)3 é E = 6,0V 

. T lpJu 03 lüj 03 L v_sxjIâJI Ip^ujSzJ 

CLfjJQ { JjJ Uc(t) jJ3jJI oljJkâj V_J-V-LJI /XjuüIj c lLljuJI 3 J 

: cLLq-juuI JijJjJI ^jOLc y\jÆ£>ûS t ^JiiSuoJI 
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Jôj>\LoJI oUjüjJI />Uôj Lo _ 1 
T oUjüjJI ÔJlQ} juuüJÜ — 2 
. oiiSuoJI <^ku>o ^jju Uc LgiüL^j ooJI ctJLblâJI cJ^LaoJI Jl> 3I _ 3 

. OÜJujJÜ T j 3 -^I CIjljJj LuLujO _ 4 

. clojl^juo r CL03LQJ0JI jjüsù — 5 
. Uc JJ3JI LgJLa^j v_s^JI ^LaJL^LôjJI cÜ 2 >Ls 2 xxJI cJbJI ô_)lû> v_svS 1 — 5 
T U m ,(p,a o* Lo ■ w c (0 = ^ w cos(at + (p ) : 3^ cJ^lsxJI ôâ^ J> 2 _ 5 

. ôjIjJI ^_s3 jLoJI i(t) jLûJI ôjuuj 3 ^-û-iSuoJU q(t) $-*-*-*-^^1 3_5 

. oLjujJU To ^bJI j 3 aJI jjusü JclcI 4 _ 5 

j 3 -^I c UljuJ LS 3 LjuüU T j 3 -^I c UljuJ Ol LoJLc t ^2 j-juü 3-U L v_S^jl3JI {jÆüjSZüJ ! ^JjoLs^jO ^L0ul9 I _ 6 

■ To 

. u g =R 0 i ^30 Lû^^ 3 Jj JJ 3J0 RLC ôjIjJI ^_s3 0JI3JJI 1 oLJujJI oULuzJ _ 7 

S" àuuui^r objuS ^jOLc <jj° fj^uoJ v_s^JI Ro cu^IüjoJI cLoui* Lo 

5 vjj>oJ 

. E jJ$J OJ^J U3 J^uuüjO C 3Jl2_ajJ LûjîSuO JJÜSÙ 

. T lp-ûo3lajo3 L v_sOljJI JjoU^jo oiiSuoJI t=0 clIôj^JUI JulC 

. ciJLo^jo cu^libo jjüsû _ 1 

. uiiSuoJI v_s^-bu>o ch^ Uc ovJI AjJLbLâjJI cJ^laxxJI A>3l 1 _ 1 
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. clûü Lpjl 0^3 ^ ^lJLSJI qsUoJI jl> 3Î . u c (t) = Ecos(-^t + ç>) : 3^ cLbIaoJI ôâ^ Jj> 2 _ 1 

. qJLo^jo r CC03LQJ0 I ^_s3 _ 2 

. Uc(t) JJ3JI IpJi-a^j v_sv-^JI cuL^LâJI cJ^laxxJI t cJbdl ô_)lû> v_sv 9 « A^l 1 _ 2 

i 3 t cücl^JUI Axe ôjIjJU cuKJI qslkJI ^ : vô^j> -^- = - ri 2 : oî c^ ôâ^ JLcxs^^jujL 2 _ 2 

dt 



S* ^üüûLajuu IsLo . t q]cl >JJI jllc ôjIjJI ox- 9 jloJI jLjJI ûjuuj 

6 vjj>oJ 

/xJ Uo=12V ^>j 3 j oj^j C=0.1|jF cus-juj ^âjS uo 

JjO Ls 2 j 0 ois Cl^jô^ v_S^-büjjO [ JuJ t=0 cdiL^JUI JulC 
.cdLo^jo L^jI v^jisL) CL 03 LÛJ 03 L=1.0H 
q) q olîSuoJI Qjsx->jj v_sv^JI cuJL^LâjJI <=U^Ls 2 joJI ouJl _ 1 

( A cdküJU JqjüjjoJI OJU3JUI 

t Cjjoj-ll ^JSJju q qjl^ijujJI _2 

V_sv3 CH 0 -^! U AM /XJ Tq j 3_Jl v^^I — 3 



[Om^, 6ms ] JL^oJI 
ci^jJj 3JI CL03UJO jloc\JI c^s su. j^>b cJbJI ôJlû^ K r s 3 — 4 
^ju^jjJI j^jj obJujuJI àj[j^xi^ r=350£l L^jucxjlS Cju^zj 

: oJUI 

S* IJLÛ \^s 3 ( 1 ) c Ijl^jJoJI /X_juüI Lo _ I 

. Umn = "RoÎ ûl o+J SLol^ v_sxj LJLo^d I /jji^^aoJI ûl jLldj _ v_j 
cüLzijo obJujü o^Lc J3jZ1^JJ CU3JJJI cIxxjlüJI Lo 

7 ûjjjoj 

CLLÔ-juü I Jl_oJ I v_sx3 ^JjuOuoJI jjüSLt 


. Uo=12V 3 C=0,4jjF 3 L=0,8H vô^ 

oüô^J J isu QszJJü /xj Ki jLûJI ^bl S ^3^3 b>3^-âjo K 2 jLÿJI &L>Lqj ^lsü^û 






































R 


cLpr^joJI Jjo^j sSjJI <jju£jJUI cüLujJI ^sOLc o-f^S ^-âiSuoJU — 1 

. K2 jLûJI &bl9 ^3^3 Ki jLûJI &bl9 £ü-ôJ t=0 cdâ^JUI Jô-C _ 2 
. LC ôjIjJI ^3 jLjJJ io ôjuJjJI cuxx53 Uab >3^11 Uo JJ 3JI cu>u3 t=0 <LIôj*JUI :>jl> 1 _ 2 

r 2 -i 

M +-.« = 0 : ôJjJU ^UxJI OuJl 2_2 



dr LC 

JijuuJI ^jJLc ^J^LiXxJI ÔJLÛ* ûl <JjO ^3ÜJ^J 3 — 2 
A. u c (t) = U m œs(û) 0 t + (p) : usJUI 
UU0I3 Tq ^bJI _^3_xJI cu>u3 4 _ 2 


■ <P,U m 

oLLl^JUI Julc 


3T T T 

' J± r\ -*- n -*■ n 


l 0’ 


L o 

4 


0 


. t 4J\Jjj Ç m 4j 


. A JJJU3JU q _I 

. jLûJLI i ôjuujJI K-j 

■ q(t) 3 î(t) üLuuoJI (JjülÔj <^_Sv 3 l JjuO — ^ 

aJaxâxJI CL9LL=JI 3 ^ QjSLuJj#£J\ cisLbJI J+C 5_2 
^jvic <jj-Lc ^ m 3 ùLuoJI (jj-lqJ v_s^3 J^JO 

























RLC 5 RC 5 RL ôjIjJI 

<u*ioUj .p^Jx. OjJUJI <lüuuJI 


oUûSüoJI 

1 (JJjJOJ 

U 2 3 Ui <jjjJ3jJI v»L juul> — 1 
U = Ul + U 2 ! 3-ûi Lo^jJoJjjO (JjU >J3jJI ûl 9 v-_sJl^jjI <Juul^>jO <JjJÜSuoJI ûl Loj 


3 

c 


u 2 =% U,=% 


C, , 


U 


I /xla;3 


. ôjIjJI Jaüj gjjoj> v_sx9 cûuulôJ 3^ CLJI3JÜ0 ôjIjJI v_sx9 jLoJI ^LjJI ût L0J3 U = + oî çSl 

Ci c 2 


U = Q 


"1 O 


- + - 


c x c 


■Q = 


U 


2 J 


f 1 1 ' 

-1- 

c c 

.M ^2 y 


jî isî Q Qi Q 2 


U 


v_sJUIj3 


u 1= ^=Q 

r c 

v -i m 


u 


Ui = 


U, 


u 2 = 


'1 O 

-1- 

r r , 

vM ^2 y 


U 


Cl 


c 2 .u 

C!+C 2 

c,.u 


C,. 

= 200V 

= 100V 


'1 P 


- + - 


Q C 
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c 1+ c 2 

! LjjJ ^3jLuuJI JI^juJI J\L> qjo _ 2 
Qj = Q 2 = CjUj = 2.10 _4 C 

2 vJjjjoj 

CUS-juJ t Ü3^iuuJU0 JJJ-C jJ>l cÂjlSuO y_^jJoSU oJojjj /XJ U=100V ^>J3J CjlÏZJ Cl = 2|jF CUSLjuJ IûjÎ^uO <JJ*ijujJ 

. C 2 =0,5[jF 

. Cl c Ül>LjuU çS jJI CJSjLSuoJU Q CLu I JÜJ \J I <Us*LjjjJ\ _ 1 

. Lo^Jajj J iSLf jJulÂjîSuoJI <JjO J5 v_sJcu>0 ,JjU C_jljuJL>I _ 2 

U 1 =U 2 =80V _ 2 Q=2.10" 4 C _ 1: cu^t 

3yjJjJÜ 

Ol C_OtJ çSl CJQJîSjO JU CLa-juOjJIj c LxS2_juU Ci2jiSüO ^ 3 ^^-^I JUjj OLJ^ISZjoJI J\l^' ^JjO 

. çSjl3jJI vjOLc oLûjîSuoJI 

: cisljuuJI {jjjlôj IgJ ol Loj 
























R 










































e 


B 


i(t) 


i ( t ) = ^7> UAB=Ri ( t ) 

dt 

u ab =R.^1 = RC— 
AB dt dt 

! D 3 A qju oljJ3jJI cu9Loj Û3 jIs 

U AD — U AB U BD 

E = RC.—+ u 
dt 

U(t) v_sv^JI ctJLblâJI <=U^Ls2joJI — 3 

! v_svj 3> Ll(t) usaJI clJL^LôJI cJ^laxdl 

E = RC. — + u 
dt 


u(t) = A(1 — e T ) : v_sJLJI JijdJI ^sJLc 3^ cuJLblâJI cJ^Ls^oJI Jj> _ 4 
. L^jOs^ VLJUJ0I3 T 3 A J QuSjS*} I ^ul^JI 1 _ 4 


u(t) = A(1 - e ') J^JI qJLbLÀJI sss 


E = RCA. 


0 +—e t/x l + A(l-e t/x ) 


RC 
V x 
A = E 


= 0 => RC = x 


) 


u(t) = 10(l —etrp(—1/0,1)) 

RC çS3LuojT <jjojJI 3 AJ3J0JU téyzLOjÿS *]I 03&JI qjùjS A 

t = RC 

! çS^A£ 

x = RC = 0,ls 5 A=1 ov 
i(t) i^^uuulI I jLj ÿX 2 4 

! j(t) Q-^ïulüJI jLû jjulSU 

HO =-^7 => i ( t ) = c ^ L => i ( t ) = -ea^(-t/T) 
dt dt T 

u = 10^1 — coop (—t /O^l)) => i(t) = 10 2 &xp (—t /0,1) 

! *_jljuUL>I jyj t t —0 cdàsJJI - V jlC t l j3jZ> _ 5 

di du 
dt 3 j , dt , u _ 
: IüjJ t=0 julc 
























R 


f—1 

v dt y t= o 


— = 10 2 V/s 
T 


i(0) = —= 10 2 V/s 
T 


di 

dt 



c<x/j (—t /1) => 


f-1 

vdt J t=0 


u(0) = 0 


E 


x 


2 


. T û-jojJI A ■ ^ ^AjLiiJI ^sJJ u(t) jj>JI lp-*9 J-^u v-S^JI cÜô^JUI ti /2 Jû£ 1 _ 6 

11 (^ 1/2 ) = E^l — ea>p(— 1^ 2 /'t)) 
û^ii tl/2 

g 

U (^1/2 ) = ~ = Eea^(—1 1/2 /t) 

Cn2 = => t 1/2 =t.ùi2 

T 1 

E E 

^ /)J ^ U-VjlC cul V_sv9 2 _ 6 

! ^sOLc— J cLljuuuJIj c ÎÜjjJaJI jjdULàJu 

t 1 = 2xln2 


® J CLljuUüJIj 

t f = 3xln2 

3 

: cnoj-N cJ\Jjü ^âiSuoJI ol^xâü <>C jjSù v_sv-*JI cuJLbLûJI clEIsxxJI _ 1 

! LujJ oljj^jJI O^jlS v^jljuuc> t KjLûJI giol9 ^y^ JLc Jû_£ 


E = u R (t) + u(t) => E = Ri(t) + ^ 

i(t) = — => E = R —+ — 
w dt dt C 


EC = RC — + q 
dt 


q(t) = AG x + B $£> OjJLoLàiJI cUil&oJI Jj> _ 2 

q ( ^ «—àiSLoJ I 1_2 
q(t) — Aexp(—t /t) + B 


q (oo) = B 


■ q(°°) - c .u(oo) UiîSuoJI yoUôjJI vA 

B = CE ol 9 v_sJLJIj 3 é q(°°) = C.E oî lsI E ^sJJ J 33 J u(t) 0 I 9 t —> 00 J 33 J 

! cLuAJI Jo3>JujJI 2 _ 2 














R 


q(0)-A+CE-0=> A- CE j q(0)-0 (^j t =0 juc 

! v_S^JtjJI Ji^uûJI q(t) jjuS2j3 v»_s^JL jJ 1^3 

q(t) = C.E( I — exp(—t /x)) 

kà*SüoJI <_s\3 «OUsJI 4 

: IüjJ t=0 Ak»JUI julc _ 1 
q (0) = C.u(0) = 0 => u(0) = 0 ü( q(0) = 0 

0 I 9 I 0 =0 ,2mA oub jjyj^jujjo ôjIjJI _>LjJJ Jjlo^jo jJç^o LujJ cul Loj 

u R (0) = R.i(0) = R.I 0 = 0,2V 

u g ( 0 ) = u c ( 0 ) + u r ( 0 ) 
t = 0,u c (0) = 0 =^> u G (0) = u R (0) = 0,2V 

t=10S cÜô^JÜI Jü-C — 2 

\ ^ûjlSuoJU q (ti) cuj^ljujJI 1 — 2 

! 3 -^ ôjIjJI v_s^5 jLoJI jIajJI ôjuuü LjjJ 
dq 


ûls CUSL^I O^jls 


I 0 = 


dt 


dq = I 0 dt 


41 l l 

Jdq = I 0 J* dt => q t = I 0 .tj = 2.10" 3 C 


u c (t) ^sJI 2 _ 2 


qi = C.u c (t) => u c (t) = = 5V 


i = —= : 

C 

: ^ûiSuoJI v_sv9 oJI (t) ctsLLJI 3_2 

^(t,) = ic.u c (t,) 2 =5.10- 3 J 

: v_svj03^I J-Z530JI v_sv9 J^aÀjcy ô^JuuoJI cisLLJI 1_3 

E' = RIpAt = 4.10 -4 J 
: r jJ^joJI ^ 3.^0 2 _ 3 

_- ^e(tl) -_ 93 y 

UO + E' /o 

uS 3 _*jü JjuOsj \J J 3 ;> Ü 3 SiÔj cisLLJI ^LaJo ü\J Jup? Jijuju /yJJ vjüSuoJI <jj*uuj ül 

. IJlÛ i~&JhiA_JuJ 03 ^ ^QjlSuoJI v_S^5 jI^ jCXjLjuü I J5J Lo _ 4 

6 vj jjjü 

! 13 I cJ\Jju q D jju&j _ 1 
! 3 -û^ ôjIjJI <p\3 jLoJI jLûJI ôjuuü LjjJ 

I = ^ => dq = Idt 
dt 

Qd 


| dq = ij dt => q D = I.t 


0 0 

cujb20 ^j^ïuujJI ôjuo CjûIS l3[ q D — 2 
! 3_& ôjIjJI v_s\3 jLoJI jLJI ôjljuü LjjJ 














R 


i„ = 


Aq 

At 


Aq D =I 0 At = 4.10" 5 C 


■ Udf — 3 

q„ = C.u DF » u„ = 3?- = ^ = 1,82V 

! ^_SVJÎ> IxiS vJ2jlSuoJI iJJZ-jJjJ CLojUJI < XjuuOjJI ÔJuoJI _ 4 

q D = I 0 .At => At = ^ = C ' UDFma * = 692s 

Io Io 

RC QjJuJÿJ \JJjIoj 

1 

. QJuSLo cLcxj3 usJ-C jÂJljujü \J 6jj \Jl ûI lSI ch-^JI 

: <^âiSuoJI v_s^-t2j>o ch-' U c jj^JI Lp-Q-a^J ^svjJI cuLolâjJI cJ^lsxJI _ 2 
: oljJ^jJI àuS Lbj O^jls ,j>JLc 

u c +u v =0=>u c +R v i(t) = 0 


i(t) 


dq = duç 
dt ' dt 


U c + Ry .C 


duc 

dt 


= 0 


! t CH^jJI U v._svj LjuCxJ I J^uoJI 3 


u(V) 



x — \) 8s ol chh-h i I J\L> c 
! Ry 

T = R V .C => Ry = — = 225kfi 
! ^ûjîSuoJI v_sJcu> o ch-' U I 3 i(t) ôJuuuJI 33\lsdl 1_II 

























R 


i(t)= i = c.^ 

dt dt 

; qjj u 3 jjuoJaJ 3 ÂJI ^_s3 jLoJI ii(t) v_svj!j>£-SJI jLjJI ôJuuj <juu ^L 9 \Ls 2 JI _ 2 

u = R v ji(t)=>ii(t) = ^- 

Kv : LuJ fi $\ ù^jlà v T .-..u.> 
: LjjJ jlüæJI 03,(3 i^çnloj _ 3 
T -i \ ■ i \ T ^ du u 

ai k v 

u + R v .C —= R V .I 
v dt v 

: v_sJUI J5LjJI t^JLc A-LolàiJI ÆlaoJI g-y^ü x = R V .C 3 E = R V .I g-oj — 4 

du „ 
u + x— = E 
dt 

u = E(l- exp(—t /x)) : v_sJUI J5LjJI ,_s\JLc aJLolàiJI qElaoJI ôjuî> Jj> ol jalsü^ 

. E=R V .I Ol Oyÿsu E <^_pto_^SJI Qj$S JJ 3 J 0 qla_».üI 3-1 />j (jjïjàJI ol (jx«j Louo 

E=R V .I= 14,625V L^j j^^su < <^j*iyuJI ôjl& -jALüI_5 

■ Q j S<jÆ JIjOJI 03^3 ol ( 3 ^uOjoJI (^jo t ys^jLyyoJI JxjûoûJI gj 0 t I V 1^3 


RL vixfül usOLJ 



1 [JJ J. oJ 

! v-V-j^JI ^OwmjIj t sd-C qjülaoJI ol_y3xJI _ 1 

■ U L (t) 3 U R (t) 

: i(t) 3 L cü\Jju u D F(t) ÿ 3 JI xxsJ _ 2 

U DF (0 — L.— 

: [ Oms, 6 ms] Jb^oJI ^ o^jJI aNa, u D F(t) **sü 
: LpJ i(t) [ Oms, 6 ms] Jb*oJI ^3 JSLaJI yxxuo 

JjolaoJI 9i Ol ii(t)=ait LujJ [Oms,4ms] JbexJI ^ 
: Ao^ùJI J-£>l vJjo jloJI /xxajüuuuoJI qjo sJJïD c ^>3joJI 

oî LS\ i, (t) = 175t oli (_sJUIj 3 a, = —= -^- = 175A/s 

3 Y a J>juoJI vjsd» u DF (t) = 100.10“ 3 .175 = 17,5Y 

u R (t) = 1750t 
i 2 (t) = a 2 t + b LjjJ [4ms,6ms JbsuJI ysvS 


a - — 


0,7 


, =-350A/s 
At 2.10" 3 

i 2 (t) = -350t + b => 0 = -350X6.10" 3 +b 


b = 2,10A 

3Y A J>^l^ u -( t ) = - 10ai0 " 3 - 350 = - 35V oM 4(0 = -3501 + 2,10 

u 2 (t) = -3500t + 21,0 

2 \jJjM 
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; i-l,20A cüjuuj v_s^jIjLü Igj jjoj Io-xj^c cisi^juu^JI v_sJcu>o ,jju Ul _ 1 

di . ^ . T di 

— = 0 => u L = r.i = 10,2V c u L = ri + L — 

dt CLûU jLûJI ÔJUuU ül Loj dt 

! t—0 qla.:*JU I JülC ^..sdcu^jo qju jj^-dl ^IjOul9 I_2 

; t cdo-^JUI ^_s& <JuU 

u L = ri + L— = 8,5(l,50-200t) + 42,2.10“ 3 (-200) 
dt 

u L = 12,75 -1700t - 8,440 = 4,31 - 1700t 
t = 0=>u L = 4,31V 

! Ul />-Xsl«j I c dà^eJUI _ v_j 

u L = 4,31-1700t 
u L = 0 => t = 2,5ms 

3 yJjJttJ 

! ^>Oj|jJI fi UojJI i ir \3 CLSj-jÛJ^JU jloJI jLJI ÔJljuü i_iLuuL>- _ 1 

—~ 0 ol i-SI «UjIj jLuül àSjuJ Lo Jul C Q ojIjJI oüfljJI 
dt 


E = Ri => i = — - 60mA 
R 


E = R.i + L.—= Ri 
dt 


ùl 9 V-5JLJIJ3 dt 1 oljJ^jJI ^jkSLoj ù^jlà LujJ 

; I CL 03 IQJO Jloj^j /)JlC cJL> V_sv3 — 2 

: /xîIjJI />LkûJI v_svS cu 2 j-aJj 3 JI v_sv9 cislhJI 1 _ 2 

g 

E = (R + r)i => i =- : /xJIjJI />UôJI ^ jLJI ôjuJj 03 !^^ cJbJI ôâ^> ^ 


R + r 


: v_sv-û> v _ S v 3 qjjjL^uoJI ct3ÜaJI 


1 


1 


t =-Li 2 =-L 
Sm 2 2 


= 1,4.10 4 J 


R + r 


; /)Lcwxll IsLoJ 2 _ 2 

I v_sv3 cLHuULdoJii^ c(3ÜaJlj /)LouzJI ôJjJI ^3 Jj ôJjJI £+9 _Ll£ 

ljuï> ^JI+HUÜ ^JUU 3 v_SVJI jLJI <- _5 nJ^1juO 3^3 j_juJLuoJ I ^^V^iiuoJI ^_sS V^jSjjO ^oLcW^JI 

■ +* Axi .!-I o^-SZjOv Jl ci3lhJ| Lp-JJ J3 ^LLajü v_5v_*JI ciSÜoJI JÜjJjI 

. v_5\jo3\J| JuZ>3joJI <jjo JS v_s^9 J3^> J$szàx>j àjj\y> ci9lb _ 

. /jLoozdl v_sv5 ^3-2) cislb _ 

4 ûj>oj 

; t cdô^JÜI JÜC cu^jj^jcJI cüüaJI j+jSÜ _ 1 

M LiI 

: L s r' s r s E«J\Uu E, _ 2 


^ 2 L 


1 „ ( E 


\2 


&xp(—2t I x) 


v r + r 'y 
oUô^JJI jj-c ^L«ua 2 > _ 3 


















R 


L 


l.f E Vfl 


\ Z J 


= -L 
2 

U5t) = jL 


r + r 


r + r 


2 (\\ f\\ 

- - 1,8.10” 4 

U J 

'O 


V^ 2 ) 


= 1,8.10 


l -4 


vey 
'O 


Ve 2 ; 


f E 1 

2 

r 1 ^ 

- 1,8.10“ 4 

f 1 ^ 

U + r'J 


10 

10 


U ) 


U J 


^0 


. jJuouo3\JI 3_oi J^3 joJI CL03IÜJ0 (jjuLs {Jjo Lj^uoj lSâJI jL^JI /xjuuI _ 1 
U AM( t ) =-U l( t ) =-R * i ( t ) : U AM>^JI - 2 


u bm (t) ~ u 2 (t) “ri + L^jy 

^ ■ Ubm 0 e 

u s( t ) = u i( t ) + u 2(t) = (r-R)*i( t ) + L ^r 

at : u s ,_sd£ 

Ug (t) — L—“ î t QJLjuuJI jjliS&JI V _jljuuO LijjJ R=r ^Lo^LûjoJI JÜlC _ 3 

dt 

U R = —Ri => i =-U R ! R (_su>3\)l J^s^joJI >_sJaj>o ><3jJI tujJ3 

R 

/ x L du R 

U s (t) =-- 

R dt olsoJUUs 
: LujJ [Oms,15ms] JbtoJI ^3 Ji+uJI v_^uu^> _ 4 
u R (t) = at + b => u R (t) = -9,33t + b 
du. 


dt 


■ = -9,33 V 


, . L du R 

u s (t) =-- 

sw R dt 


• L = 


u s ( l )- lv : dJAS LujJ 
Rxu 8x1 


dU R 

dt 


9,33 


= O 386 H 


RL ^jOlJqj i jJjLoj 

. CLlSZJ^jO oljJ3jJ JJ3JO 1 (JJjjOJ 


ôJlcLzj <* 3^3 CjuÜ >J 3 jJJ jJ 3 jcx^ JJ 3 J 0 JI ûï sSl e(t) = E LjjJ « te 


T 

0; i 


JbtxxJI ^3 — 1 


. UiiSuoJI <JJ*uuJ ÔJlû} ^_s3 J Là C^SLjuU v_sJLJIj3 t>0 

v_sJUIj 3 5t < — => T > 10 T = 10i?C ût lSÎ £ > 5r Ü 3 SU ol >oJljJI />UôjJI ^jdLc J 3 ^l^JU 

r^n = 10./?.C « 10, : T j 3 jJU <Kajjjsü]\ CU 3 JJJI cloujUIs 

T 


^3^11 ^JjLi ÔaJj v_S\^3 jLjJI {-9jj>£Lj ü JJ 3 - 0 JI Ol V-Sl — 0 LujJ e t G 


-\T 


JbtxxJI ^s3 — 2 


. <_ûiSuoJI gr!>ÛJ cJLfcJI ôÂà v_S^ 3 vîILà C^SLjuU v_sJLJIj 3 t>0 

cuxjjlIIs v_sJLJIj3 5t<T => T > 5t = 5.RC oî lsÎ f > 5 t oî >oJIjJI />UâJI ^jOLc J3-^^JU 

r^n = 5.R.C « 5, : v_s^ T j3jJU cuajjJlJI cü3jjJI 
















































R 


: v_sO LhJI J^uoJI-3 


0 


u^t) 


1 


H--H-1-h t 


E 

R 


i(t) 


E 

R 


H -- ^- 1 


jjüsü$ t>0 jj $jJU Cju b jj $jJU jJ^josS jJ^joJI oï ssl ^f ) — E Lu jJ t ^ e 


T 

° ; i 


_ ii 

Jl^oJI v_s^3 — 1 


■v_svj 03 ^I J^3joJI3 cU2jljJj3JI v_sv 3 jlÿJI 

T L 

cuxjJlIIs v-sJbJb 3 5t < — => T > lOr = 10.— oï ssl £ > 5 t 035 b oï >oJIjJI /)LlâJI ^jOLc J 3 ^l^JU 
2 /? 

^min = 10.— * 0,05s : vJNâ T j 3 jJU <KjuJjSü]\ CÜ 3 jjJI 
R 


^3^b cjjb Ô+Jj v_s\^3 jLûJI ^JolîiS 'J^jjÆüj jJ^joJI oï v-SÏ — 0 LujJ 1 t E 


-\T 


Jl^oJI \^s3 — 2 


0 


. RL ôjIjJI jLjJI />l jlsjI JLd> 03 ^b_*jj v_sJLjJLi 3 t^O 

^uxjjlIIs v_sJbJb 3 5 t <T =^> T > 5t = 5.— oï lsI t > 5t 035 b oï /xjIjJI /)UôJI ^jOLc 

R 

■ v_s^ T j 3 aU cLuüjiijJI CU 3 JJJI 

^ r~ T - - 5 i - 0 - 025 * 


î(0 




0 r /2 

«£.(*) 


0 r /2 


-H* t 


-E 





















\A\\ 


R 


v-e 



Qsumj$ %S3 43lhJI 2 

_ 1 

old ^UU 3 /y j IjJI ^oUôjJI O^SL^juü ÔJj\j I PjOulS (\ju£u LoJulC_ I 

F 

I = — = 0M 
R 

(XXXjuJJ \ls \_5 \JLJIj 3 v^SN^liuoJI < h _s > 3 />lo«£jl V_-> 

■ JpuoJI v_S^JI jlajJI 
\ <*sz+jjj$}\ v_sv9 ^3jJ*joJI ciSÜoJI _ £ 

f„=ii/ 2 =0,5.10-V 


A£„,=I„=A£„,-A£ c 

A ^c=0(v,.=v / =°) 


AE 


-AE 


â 


mg/î =^> /z = — 1 — = 0,102m = 10,2cm 
mg 

. <Uj 03 \I| C-M^joJI v_sv 3 J^aàoj ôjIjJI >_sv9 cU-ujuJaiaoül cièllaJI £lyb dJLd» _ 4 
AE” = mg/î = 0,343.10 1 J : i_s^> dl_>=toJI (_9>k> l _ > o ASJLgj^juuuoJI 49ÜaJI 

: gjîs dJ_>SüoJI 

AE' 0,343.10” 2 


AE 0,5.10 


,-2 


:67% 


K 


© 


■OU 


J 


K 


QjJI^jüo RLC ô^b u5n 3 d„pJI oUJüÂJI 

1 

! Uc(t) CLÂjI&joJ «w'jujûül W»QLjuu JcUj Ipj ^/XjLljuJ v^soj I ^LlÂaSJI _ 1 

cLub* JijjJI jJôjl 

J\L> u ^iS[jÜLJ g_JUü3JI ü\J sSj3^ CLljuJ oUjüJLJI /)Uâj _ 2 

■ t û-°>JI 

! JSLjJjJI <JjO j3_)JI ^IjljuJ JuJc^j _ 3 

T=4ms 

: L v_soljJI JjoLs^jo _ 4 

To objuJûJU ^^bïJI j3 jJI lS3Luüj j3-jJI c Ijljuj ûl LujJ 

T = T 0 <=> T = 271VEC 

T 2 

T 2 = 47l 2 L.C ^L = —— = 0,40H 
47i 2 .C 

2 \jJjM 

! I l _a.A^>jÜ I 4j LajJ 1 

JAjuuJI _>lô>I 
: i(t) j+jsü - 2 


S 

L ■ 

' J 








































R 


./s dq 27 ü^ . 

1 ( t ) = -7T = -—Qo^ 
dt T 


^ 271 ^ 


-t 


V 1 J 

\ { j r KJJuj^xj t cdô^JUI V_sv9 ôjIjJLI culSJI ciSÜoJI _ 3 
qsUoJI gjoj^o v_s^ cdô^J JS ^ ôjIjJLI cuKJI ^UoJI üL 9 cuJlix) ôJjJI ûl Loj : ^ 3^1 ciajjJaJI 

: ûl çSl ^5^9 ciiàlkJ^ cJüSuoJI V_sv9 cLub^SJI 

L = £ + t =—— +—Li 2 
St Se Sm 2 C 2 

: cujLJI cüîjjJûJI 

: ûl cSl c_ûJSuoJI v_svS cü 3 >^jcJI CO 9 Z 1 &JI cislhJI s _ S v^ ôjIjJLI cuJSJI 3i*lhJI 

F = 1Q2 

St 2 C 

3 ûJ>oj 

■ U|_ 9 Uc qjo JSJ ^üL«JI wjdLc JuuuoûJI — 1 
Uc(t) JJ 9 JI ^s^JI cuL^LâJI clLIsxxJI _ 2 

! oljJ9jJI cu9LoJ Û9jIs c_j^ 
u C+ll L =0 

di . dq 

L UL= V 1 = ^ q = Uc ' C 

u l =LC^| 

L dt 2 

T „ d 2 q _ d 2 q 1 ,, 

LC—7 + u c = 0=>— 2 + —~ u c =0 



u c (t) = U m cos 


dt 2 

f ln_ A 
v^o j 


dt 2 L.C 


9_û> cuJLbliüJI cJ^lsxxJI Jj> _ 3 


: To 9 U m 

; U m ju_ûû 

U c (o) = Uo = U m COSO ûl çSl lSc^ziS ^jJojjjo ,JJU JJ 9 JI Û 9 J*uJjuo c_ûJSjoJI t=0 clIôj^JJI JulC 

U m = U 0 ûl 9 v_sJUIj3 
: To ^L^JI , 3 aJI ju-ûû 
: cuJL^LàJI clLIsxxJI v_svS J^JI ^9^ 


du ( 

dt 2 


- + - 


1 


L.C 


u c =0 


U c( t ) = U m CM 


f2n ) 
— t 


1 

II 

U 

2 c 

(N 

T3 

r 2 ti^ 

2 

U m c«t) 

f 271 1 

— t 

T 

V A o J 


dt 2 

v T o, 

m 

T 

V A o y 


^27ü" 

2 

U m CM 

f 271 "1 
— t 

+ 1 u 

COÔ 

f 2 k ) 
— t 

Jo/ 

m 

T 

V 0 y 1 

L.C 


T 

\ L o J 


= 0 


f 

1 

f 27t ) 

2\ 

U m 


f 271 "1 

= 0^ 

f 2ît l 

— 



C04 

—t 


L.C 

J 07 

) 



T 

V. 1 o J 


vTov 


L.C 


T 0 = 27lVL.C = 0,34ms 



























































R 


4 <j jjj&j 

. t qjojJI &° û\J c *-î lj ^ v_s^ Jâ^^LoJI oUjujJI /)Uôj _ 1 

! oUjujJI ^3 jOJ> jjljulLSÜ — 2 

l fcjS v_S^Jl3 cLs^j^Jj^JU r CL03LQJ0JI $ 9 . J>3 cL>i*Ju culSJI cisLbJI ^iSLu ^sJl oUjujJI >juulûj 

. J^> cislb ^sJJ <t^LjuoJI culSJI ci3lbJI 

: ^âiSuoJI v_svi^>o ijuü Uc jj>JI Ig-ë-a^J v_s^JI cuJL^LâJI ctblaxxJI _ 3 

: ol^j^JI cusLoJ û3jls ^iujj> 

:0=>ri(t) + L —+ u c =0 
dt 


u L +u c 


i(t) = c*^.*=C^ç 


rC^çL + LC 
dt 


dt dt 
d 2 u 


dt 


dt 


2 +u c =0 


d 2 u r r du r 1 

—^ +-- +-u r = 0 

dt 2 L dt LC c 


. T—lms ! objujJÜ X j 3 -^I c Ijljuj ^juusu _4 

: CU)_XS 2 juO CL2jhJÎJ 31J r CL 03 IQJ 0 JI jjiiSZj _ 5 
: U 0 J 3 JI Ig-ë-a^J v_$oJI cuLblaJI clEU*xxJI 1 _ 5 

u L+ u c = 0 L —+ u c = 0 
dt 


i (t)= c^,^=Æ 

v ’ dt dt dt 2 
LC^^ + u c =0 


dt 2 


d 2 u r 


- + - 


1 


u n =0 


dt 2 LC 

u e (t) = U„ aw(cot + cp) : v-sJLJI JijJjJI Le ^JL^LôjJI clEU*x>JI Jj> 2 _ 5 


: U m j+jSÜ 

E 

u c (0) = E = U m aw(cp) =^> co^cp =- : LjjJ t=0 clIcl^JUI jul£ 

: cloJl^juo ^_s& j\jüJ\ ôJuJj t=0 cdâ^JUI ^_s3 

u c (t) = U m Cad (cot+ (p) 

i(t) = —C.C0U m ôin (û3t + (p) => i (0) - -C.C0U m ô'ui (tp) - 0 
ôin<p = 0 => (p = 0 aa(p = 7T 
ca cp > 0 => cp = 0 


an (p = 1 = 


U„ 


U m = E OÿSuuuj (_sJLJIj3 


T a = T = 1ms 


(0 

LC clJLoJI ôjIjJÜ ^3-dI i-S^Lulu ^-La-juj ol t qjLujJI lJI ^juJ I J\L> 

! v_sJ IxJ I I (- _ 5 \JLc OjJuOjJ I ^ LsZjoJ I Û^lji xjJ v_$J LJ U 9 

u(t) = 6aid(2.10 3 7tt) 



















R 



: q(t) 3 _ 5 

ol /xlaj 

q(t) = C.u c (t) = 1,5.10“* aw(20007tt) 

! i(t) j+jSZj 

i(t) = ~~ - -3ît.l0“ 3 ai» (2000îtt) 

! oUjujJU L^JI j3 jJI j+jsü 3_5 

T 0 = 2TZ-JÜC 

! To ^bJI J 3 JJl lS 3 LuüJ j3 jJI CLiljuJ ol LoJLc <^S 2 j»juJ 3 JÜ L v_SVjIÂJI {jÀJjJZüJI JjoIsjO ^JOsjkS vLuüJ> _ 6 

T = T 0 = 2tiVÎIc => T 0 2 = 471 2 L.C 
T 2 

L =—^— = 0,1H 
4tü 2 .C 

! cUjjJ?- oUjji> l _5\JLc Ro 4jo3lfijoJI 4 jcxj3 _ 7 

. T di 1 d 2 i . . T di 1 d 2 i 

: g dt Cdt 2 0 dt C dt 2 

, _ v T di 1 d 2 i _ 

v dt Cdt 2 

,_s\JLc 4JL<ol-àJI 4_):>laoJI ol oUjui ,_s\JLc J^^usJU 

: ^sJUI J^iJI 

/ „ v T di 1 d 2 i _ di 1 d 2 i 

v °' dt Cdt 2 0 dt Cdt 2 

5 sjjj joj 

: pJjo^jo <*SZ+jjj$}\ CLo 3 LûjO cJL> V_sv5 — 1 
: Uc(t) I lg_Q-aj*j v_sv^JI cuJLblâJI cJ^laxJI 1 _ 1 

u l +u c~ 0^ > L — + u c =0 
dt 

i(t ) = C^,—= C d “ c 


dt dt 

LC^-^ + u c =0 


dt 2 


dt 2 


d 2 u r 


-+- 


1 


dt 2 LC 


LL, — 0 


£ t cuKJI 4slkJI jjulSZJ 2 _ 1 



























R 


4, =^Li(t)- +^Cu c (t) 2 


U c (t) = Ecaô 


2K 


-t + (p 


V 


dq _ ^ du c _ 


i(t) = ^ = C. 
w dt dt 


S, =-LC 
2 


4k 2 E 2 


ÔUl 


_ 27tE . 

[2% ^ 



C ôui 

— 1 + ( P 



T 

V T J 



271 4 

1 

o 

( 2k 4 

— 1 + 9 

+ — Ch ce* 

— 1 + 9 

T J 

2 


l T J 


T 2 = 4îü 2 L.C => L.C = 


471 


S, = — CE 2 ôîh 2 
2 


f 2n ) 

1 ^-r-,0 ? 

f 2 k ) 


H —CE 2 coô 2 

— 1 + 9 

l T J 

2 

lT J 


5,=-CE 2 

2 

S t = —CE 2 
2 


4Wt 


271 

— t + ( P 

V 1 


\ 


+ aw 


271 

— t+( p 

V 1 




/y 


: cdLo^jo qjo^Lûjo cüb> V_sv3 — 2 

: st^JI <=U^>LszjoJI 1 _ 2 

u l+u c = 0^> ri(t) + L—+ u c =0 

dt 

i W = C^îç,Ü = C% 

w dt dt dt 2 

„ du r _ _ d 2 u r _ 

rC——+ LC—^ + iu =0 


dt 

d 2 u r r du f 


dt 2 


dt 2 


- + - 


-+- 


L dt LC 


■u r — 0 


jfc 

—- = —ri 2 oî { jjuû cuJLblâJI clEIsoJI JLo^üujIj _ 2 
dt 


4,=iLi(t) 2 +icu c (t) 2 

^ = Li(t)* + Cu c ^^ = IÆ 2 ^^ 
dt dt dt dt dt dt 


„ du c 
+ Cu r —- 
c dt 


dSt = LC 2 du c 
dt 

d 2 u r 


^d 2 u„ 


dt 


dt 2 

d^ 

dt 


- + 


r du r 


dt 2 

1 


- + - 


1 

-’ 

LC 


j 


d 2 u 


1 


- — + —— u r = 0=> " " c + —— u r 

I dt LC c dt 2 LC c 


r du c 
L dt 


^- = -—LC 2 


du L 

dt 


\ 2 


= -ri 
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■ uSjuuulaJI^ üyuûJI fi LhuJI «uJl^juoJI (R r L r C) ojIjJI 

Circuit (R,L A C)en série en régime sinusoïdal forcé 

<_sJLc aJ^jo cisLo| jac . Ijuojâuo UjuJûuo cuJI^juoJI RLC ôjIjJI ol LüjLuj LuIj 

J 3 ÜJ t >oUâj vjJLc cül lSI v_ 5 VuC> v -^3 LiJüo lo^ 3 jJ 3 ôjIjJI I v_sJ I 3 AJI 

. iSjuuod L^juj^r .plbu <^3 a>3j RLC ôjIjJI ol 

üVjucJI u^lyüoJI joUâJI — I 

i n^jujJI WQluucJI jLuJI OJüüj — 1 

ï '(0 = / m aM (®* r + ^) 

. jLaJU l53^-Q-1 I ÔJuuü 3 I 0-JUU3-JI ïm 

2n 

co — 27tN — jLûJI \j£uj • co 

. t qkiaJÜI i_s\S jLjJI J 9 J 0 '. ( (O.t + (p t ) 
èyjlül J-âî ^ j^JaJI : (Pi 

USÜLÜU 3 cqô (Pj — 1 —(Pj — 0 ol lsI i(t)=I m cu< ) . a 9 jLjJI ôj utjü t —0 J-^l julc > JUûo 

ï(f) = I m aMO).t 

! jLJJ I cUlaàJI ôJljûüJI 

: <Ü\laJI jLÜJ 1 S 3 .AP.)I Ô-OuijJU IgJ CUjJÿ jjùO_>jjjo\)| jLjU I AJIr&JI ÔJuujJI ^Uü 

/ 


1 = 




i n SVjuCÜI U^lüüoJI jJQjJI — 2 

u(t) St svJô^JUI JJ 3 JI 
! OJOjJLI c O-S*-^' ^Jl^> *_Syix<ïJI ^ 3 ^*^^^ 
u(t) = U„ aw ( COJ + (p 2 ) 

. /xjujIj jLp^> ^la_jujl 3 j <jjuIqJ v_sv ^3 U(t) >J 3 ^JU «33^lqJI ôJuÂjJI U m 

271 

CO - 27lN = — u(t) > 3^11 : co 

. t cÜô^JUI v_sv9 > 3^11 j 3 -b ■ {co.t + (p u ) 
t =0 SjjUJI J-r>l >_sv9 jS-laJI ■ (P u 
(p u = 0 ol usJLJ^ u(t)=U m =U m cos^ H Ujù£ t=0 ëujM 1 J-^î Jbüo 
«W=v. caàCO.t 

U JL&âJI JJ 3 JI 

cO\Lsdl ^_5v-^a3\JI JJ 3 JU c Üojjj 3 é jJuoJoJ 3 _ôJI jlpj> °lLljuüI 3 j U JlaâJI JJ 3 jJI <jjuIqj 

t/ 


u = 




ioJaJI iaftÆÀo — 3 

! I IüjoJ I I -XÜjoJ I jjÜSZjJ 

u(t) = U m C0é(û).t + (P u ) 3 l(0 = / m aM (®* ï + ^) 
(p uli =ç u —<p t : i(f ) cüIjJU «UjuulJIj u(t) «ÜIjJI j$]o S! *jcx_uuü 











R 



(Pi,u =(pi-(p u '■ u{t) <UIjJU ^juuuJU i(t) cJIjJI j$]o$ 

i{t) q+jjoJlj u{t) cüIjJI j^Jo /jaüj k jjj^sü [fP i/u ) 3 <P u/i 

. üU-yJlj cu-c jjsùs 
i(t ) vjdc J^LII y^S cLoAüijo ) ül J^iü Ç? M/i . > 0 

i(t) v_svS ô^>Lûo w(^) ül ô$sù(p u/i <0 

c 

<jdULQj3 . V_sv 3 £jUjJ ^JvJLcï(^) 3m(^) ül J3ÜJ = — 

R/ ,=-f 

. j3-IoJI v_sv 9 ujoSIsj <jJLc/(f) 3 m(^) ül J3_ajÇ? {</ . = # 

? ^jo^S 

3 i(t) = I m COâCüt q 3 \lsdl &JUÏÜ 3 (p — (p u ül lSÎ Ç?. = 0 jLiü cujjljjJI JohuuulJ 


»(<)=(/, c&ô(û)t + ç) ^ u (t) — U m COÔ 


( 

f <p\\ 

t+— 

(O 

V 

l (OJJ 


= U m CO*(co{t + T)) 


T=V 

CO 


T<& 



U 


(L,r) 


© 



Yi 


R 


u, 


T QjJjsjjl ôJuoJI t i(t) jLÿJU c ü- a - a JlJL U(t) (p — (P u j3IoJI t q 3I3J 

■ i(t) 3 u(t) v_S\jul^juO QuU v_SÜjOjJI v 3 >ûJI L_S VJ ^- JULj m 

y ^ j^jJO L_jjujüJI ^XjuJ Ij O-jujLjuJ ^jvJLc T ^jjuLS Q^uOJ 

. (p j3JoJU <LaJLLu>JI cLouiiJI JuJl^j 

/>lbu vjvd AjJ 1,9-ajo RLC ôjb . II 

. sS>juül9 u5w-> 

u(t) jjjJI ^UjIaa i 1 JoLmjüJI — 1 

■ vjjojJI oJ^Ijü i(t) 3 RLC ûjIjlII iSÜsujjd <jju 

JJ3JO JojüJcÜ ÜjuL> 1 CLüb^ v_S^jij>^-SJI c_ju^>jJI 

c LuO<ji3 v_SVul^ >3j I 2>2>jjJI 

. N = 100Hz ^>JI ^3 U m = 2V cSc^uUI 

<JuU U[^(t) V-V-^JI /^JUül j cJcLjuü^ tjjlszj 

s^Jcu^jo <jjj Ll(t) JJ3XJI3 < v_svjo3^)I J-^3joJI v_sJcu>o 

. RLC hj\ jJI 

jLoJI jLûJU I cJLaûJI ÔJuujJI jjuO Jjudà I c lLljuü I3J 1 jJJULaJLI 

. RLC ôjIjJI v_sJcu> 0 <juu U JlaâJI >J3jJI jju0sJaJ3S c lLl^uI 3J < jjuuJij3 t ôjljJI y r ^3 

\ j LoJuLjuü I 

! v_5s-^b-Lo I3JU0JI RLC ôjIjJI GBF JJ3-0JI 

u(t)=U m co*(û).t + (p u ) 

ôjIjJI ^jL%juujI i(t) jLjJI J-ijtv i(f) = I m cûàCût cüjljiJl) <_svjU_^S jLj <^JI^juoJI RLC ôjIjJI v_svS j-g-LuS 

. ^/iâiüuo lSS JJ3J0JI IfrjàjJu v_süJI ôjb^J CUJI3JU0JI RLC 
jjyuoJI -\J3joJI3 ùUjJI c üJI^ jîjoJI RLC ôjIjJI 

u(t) v_SVX>3\j| JuZ53joJI v_sJcu>0 QjU LJR.(t) >^3jJI c LuIsjO < JjO V-V-^-ll Y2 3 Yl ü\L>JuoJI 

. RLC ôjIjJI v_sJ^u>o o-*-! ^3-JaxxJI 

. i(t) Q a, lô^JJ I j\jüJ\ ÔJuuij olj-fcSL» CUuL^ QjO U[^(t) JJ3JI c ÜjIs2jO I^LoJ juuüS _ 1 

























































R 


<_sdc us^JuoJI oî ^sJLc Jjl? Lojo u r (?) = Ri(t) => i (?) = — u(t) LüjJ />$\ ù^jlâ ^^ oj > 

R 

. i(t) fLO N>l V^jljuJ LiuU Vl J^JuoJI 

j _ — m ^0 ^ jâszü JSJ i I m «^S^jZlüJI jLûJI ÔJUuJ ^ljuUL>I _ 2 

V 2 

QJO ^ 3 Ü^j /xji t u(t) U m lS^ziüJI cLouiÜI <jjl£ _ 3 

U=^P : «s\WI 

V2 

! v_Sy3j jûJI JQ>uuJj]\ v_SVjJ»J^juCxJ Jjî> _ 4 

T j3_tJI <jdUL&j g-*jU^JI (JjULQJ _ 

dJJ3 juuj 3 t lS^juoS /)Ltü Jl> 3 j ôjIjJI ûl _ 

i(t) 3 u(t) JJ 3 -JI v»s\*Jl^ijuo v 3 >ûJ-J JjOjj — 5 

. T v^pdU 

jLüJI ÔJuujJ c L*_ajUüJ L u(t) jJQjJJ (p j3 lo JI jJUjSZJ ûl jjjU 1 _ 5 

(p-271^ : usJLJlS i(t) 



. i(t) 3 u(t) qjjIaüjoJI qjo J5 ^ 3 ^ 3 ^ T vîjul> 

JjOLs 2 jO : jJ^LûjoJI ol ,JjO 2 _ 5 

. T usvJuojJI J}>fiJI v_svS >i 3 J GBF JJ 3 J 0 JU N ^^>Jl 3 t C <*jüSuoJI àsijuj$ L v_sO IJJI 

. c^LouoJI p^çJlo — 2 

I cJlsLûJI ÔJuujJI cJ\Jjü U JI 2 ÀJI jJ3jJI J+SÛS tûb ^.V)jJlj ^3 JLuüJI v_S^jlj>^ÜI VuiSjjJI ks 3 \ àjyïci 

\ v-sJUI J 3 -VJ>JI vjOLc JuZl^UkS 


U(V) 

0 

0,5 

1 

1,5 

2 

2,5 

I(mA) 

0 

0,60 

1,20 

1,85 

2,50 

3,15 



. N>l ûLjuüLû I 3 U ol J\lj> ^Jj 0 ^UuuOjUU 

U = ZI 

/>UôJI i^S^B IgJi-C ><lS2J3 ÔjIjJI CLSZjIjCXjOü Z CUuUJI ^JVjOouüJ 

i 2 /> 3 \)U 0 IJ 03 JU v_SV^oJLszJI 

RLC ôjIjJI i^sOLg ^^jjJI jjJü 

T Jôj>\b ISlo N'=500Hz clqjLuuJI àjj^üJ\ ^>>jJI j+âj 
. Z cul;LouoJI dJJ_X^3 >xsiû j3-IoJI ûl Jôj>\Jj ^V>jJI LoJû-C 

joLbuJI inSs3 (R,L,Q ôjIjJ <OibùJI Puuul jjJI — 2 

. lSjjuüJÜIq i n SNju^JI 

: ûjIjlJU OjJLoIàJI qJ^laoJI -1-2 

V^UK clJô^JJI ÔJuujJI jjjlSÜ 03^3 Ûjup* Drljls-^l J-*^l jl-jOO 

U (0 = U m C ™( M + ( Pu) 

. i ÔJUujJU CLjLJuUüJlj jJ3jJI J^o Cp 

U — U AE — U AB + U BD + U DE \ oljJ3jJI cU9Loj Û3jls ^_3-Jaj 

! />3l Û3jlS ^3 juJcüj 
! v_s^j 03 \JI J^3joJI ^jOLc * 

u ab = Ri 


\ L JjolaX )3 cULcX^jO CUL>IjJI IgJuolojO ^-H^JIj * 




































































































R 



_ di 

u de — ~r 
dt 

! C cLi&juu t-àjiSuoJU cüjuulJIj * 
joASZjJ v_s\jJI i ,LJI ôJuuüJ cuLûl cüb U ois i — —— Ol Lojq U— — 

‘ dt c 

: t=0 Julc 


q(t) — [ idt 

J 0 


U 


DE 


— — [ idt 

n J 


u — Ri L — ~ H j* idt \ (R,L,C) ôj\ jJU PjJL^ Lô jJI ^J^ls&oJI ^üjûLajuu 

dt c Jo 

uàjjJl ijjaÀj Lo^J i 3 U ül 9 CO= 27 rN üI I0J3 N üjjJI (jjoÀj IojïiJulC i 3 U 

i — /.„ cos Oit 


u = U m cos(COt + cp) 
d{ cos cot) 


di _ j 

dt ~ 


dt 


= -col sin cot 


f idt = / f cos COtdt = —sin dût 
Jo m Jo œ 



: UjLuj IpjJlC qJLislàJI cJilsioJI i_svS 

71 1 71 

u = RI m cos cot + Lcol cos (cot h—) h—— cos(<yf-) 

m m 2 Ceo 2 

Jjj_>s sLuùüJ _ «oJLoUüJI cJilsioJI J^- 2_2 

l5\juu > iIJLBjoJ . Lu >3 ■ LuüOJ — I 

x{t) = a + $>) : >_sJUI <_syjjJI jIjl&oJI jjJsù 

î/||=a ÜJulC [p,i sj) /ylsu> v_svS jc(f) cJljJUt/ CLpjOjoJI O^ÜJ 

jc(f ) = a cfià{cot + <p ) ; Ox v_süLc U Jols-uJ jülc . cot < 03 !^ qs-j-ujj 0 cdaâjJI j$jj cLgjejuoJI 


. Ox j3^joJI tjJLc U cLpjsiCoJI bÜLjuj\J sSjj^dl Jjjllaj X v.syjjJI J-XüoJI üï 

CO Qj$\j «^c>juju j3Jü cLpjeioj x(t ) = u coâ(cût + Q+Jupr <üb 3I SrSyrPr jl-xüo JS ol_>s| ,_Juoj Oij 
3L-ÜJ0 cOaO v_sy^> jIaÜjoj ôjls-i JS ùl 1 jSjOj ■ SUJS 1 jjoSsJI ùl loS 

■ J-V >9 CLpjsüjOj ,_suxjujü CLyjjJI cJIjJU ^j3_>aoJI CLgJejùoJI . Ù IjfiJÜU 

■ 1 ajuJI t wjüli LouJ i uüuuu?’ . ^uJb f aaio_U 

2 x I (t') = ci j coà Cût \ OrÇCfJUI Oïî^h^-JI 0+*“^"^ 




Jfi 

L 


u y 


v 3 


<Tl 


71 

<P>=2 

-^-► 


a, = a =a ol cl 


f ^ 

jc, =a, cot H— 

l 2j 


■ JLo^ÜuüIj X = x i + x 2 £5xx>ijoJI JL>3l 


^ £7_ Jj—= f 


t=0 cüâj^JUI JulC 3 


f/, 




= — 3_û> t=0 cdâ^JUI v_sv 3 Iû>j3_b3 
2 


u , 


= a i ùl CLopfcj f/ y 4^iôcv x i OjSu 

Çj =0 3 ^ 

= ol vlupfcj Ï7 2 ^-^lôou x 2 ÛjÂj$ 


ü = ü 1+ ü 2 







































R 


a^2 IgjoJàjuo Ü à^üjxi\ 


71 


(p = — t=0 cÜoJsJUI JulC Lû^j3^3 

tan (p — 1 ü\J 
x{t) = a^2 ce^cot + ^j ùi l 

. ùUJI O^lljJI £$jocsa i$JLc J^tfdU eLuüüj _ £ 

tjJLc JguoaJI (jioj àj$\jj\ ^oJls cJioJI (_jn 3 ol9\l»Jl3 v_s^»jjJ uLgJI cLJjü\JI ,_s\JLc Lloùicl 


u.„ U 


1 


ùl (.si Z — —— — — ciajLouoJI guüuLJuaj La (Jjo [/ — . R + (La -) I 

II V C^y 


Z = Jr 2 +(Lû )——) 2 
V C® 


RI m R ...., ; 

COS 67 =-— = — JJà 5 ql = 

U Z 


Lco- 


1 






Lj-juJL?Ü (p jfrUI 



i ùâjjI ^jic- yâ iiiû q pjïil ^1 *-P ^0 

^LLilil JhJiLiIiI ( jJlC- lâjpILû ^ ■ -- | jji~'- 1 'I ;h!ïLij| |j|j|ij Â!iLzJi| ùJtÏ! yâ 

Lu.1 :=■ ^ 

Cffl 



J £ ùi!u!i| ,JiE- :L? jJi| yii i^ZkLJi ^ jJiLj l_p ^0 

Cfll lâjiL'j yâljill |' | jjL=Ji| ûiü ySj 

^ ~J. | y- 1 -- 1 ' 1 '! 




■ tSsjbjjSH ûji)lb . III 


^Aâ^juoJI Jj^i\ jJ^JO i^sJoaj vÎjuC> CLjûb* JjuOooJI v_SV^><fcjJI jszJû 

. JojuzJJ cALls N U cJlaâJI clôo^s U 3 LÜU 0 I jj$j GBF 
. ùjjslæ x I 0 -ÙO 3 UJO 3 L=0,95H v_soIàJI L^cu>^j JjoU^jo _ 

C=0,5[jF qjsljuü <jùS uo _ 
^sJLc R=r+r' cuisJl c^IqjoJ^ U=2V <bouJiJI ^jOLc U JlaâJI ouiij _ 

. Ri=4011 ^jjJI 


. jLûJU I C^J Ls 2 _ôJ I ôJuuijJI {JjJulSU ÙjJQ ^S^53 jJ 3 X)JU N jjSU _ 

jju&ij v±JUi >3 R2=100tl cuxjJîJI le. ôjIjJU R culSJI CL 03 IQJ 0 JI ^xju^û _ 


. clqjLuuJI cü^ïlJI Jusj 3 é v_svj03^JI J-^3joJU x ' CL03LÜJ0JI 


! vjJUI J 3 JL^tJI V_sv3 guliuJI O 3 JÛ 


! cuJLII guLJI 


u^j S £ v svj 03 ^JI J-^3joJU x' CL 03 IÜJ 0 JI jjuSüj ôjIjJU R CL 03 UJ 0 JI jjsù 


N(Hz) 

100 

120 

130 

140 

150 

155 

158 

160 

161 

166 

170 

180 

200 

Ri=40£l,I(mA) 

2 

3,12 

4,37 

6,25 

11,25 

16,6 

22,5 

25 

25,75 

23,12 

16 

9,37 

53,7 

R 2 =100£2,I(mA 

2 

3,75 

4,37 

6,25 

10 

12,5 

14,5 

14, 

75 

14,87 

14,5 

12, 

5 

8,25 

4,75 



























































. ôjljJU R 2 3 Rl Quûu 03 bijoJU cL^juuuJb N cJ\J_Xj I Q^AjL^iiuoJI é yCxJL^xxJI jjjülûj *_ 5\3 Jjuo _ 1 

. GBF ^iâitjuojl ^v>jJI AJ 3 J 0 ^sJLc >yuoJI /xjujI 3 RLC ob^JI /^jujI K j^iiou m — 2 

v_$\3 jloJI jlüAl ^UUlôJI ôjuujJI Quuzxj t oUjJU No ^L^Cuuuo < ^jcx>_9 ^jJucxJU N jl>U Lojllc 

. yj+ij cUb> ^3 RLC ôjIjJI û| cJbJI ôÂâ ^s3 J 3 ÜJ t ôJjJI 

! 1 _ 2 

■ chsôJI Julc No ^>JI _ 
. qjujJI julc Io cJLaâJI ôjuujJI_ 

. ôjIjJLI Ri cuKJI clo 3 LqjoJIj Ipjjls /xj £ Jljlc ôJjJI c^Louo Zi 2 _ 2 

T QuûjJI Axe RLC ôjIjJI 'JàjuÆuJ 

JJ 3 J 0 JU [ Ni,N 2 ] ohv>jJI Jbtx> v_s^ cuJl 3 ijo RLC ôjIjJ 3décibel _ 3dB _ ol3 ôjjjouoJI ^LaJajuoJI _ 3 



ciS\Lsdl jlyJU I ëJL&âJI ôJuJjJI J}jis*ü 


. R^ J ^_93l^jCxJ I i^JL^liuoJU CLa-JUOjJ L N 2 3 Ni y^jJO \1S (J-JlC- 1 _ 3 

R 

l3lo i AN =- - — cüjiaJI cUxjiül gjo 3jjl9 /xj ô^jouoJI ^LaJajuoJU AN = N 2 — N l yjDjs]\ 2 _ 3 

27rL 

S" ^ l I I A 1 I I 

S* Ôj^jOuoJI cLQ-LluoJI ^jOLc ôJjJU culSÜI 3 j031ûjCxJI >jub Lo 3 _ 3 

. No c ^-Os_*_qJ I ^jvlc j^ajuoJI JcLiu^U _ 4 

S" U[^(t) 3 u(t) ^Uuls^xxj VjLjujlS J OJj 1 — 4 

. dJLûbrl JJLc T j 3 kJI vJn9 ^9^ ,jOLc U R (t) 3 u(t) ül Jjfc 2 _ 4 

ÔJüuüJI \JjJ j u LuL^jüO ^LuülI jà — 2 
<JjJ>JI ü jj CLouud — I 

oLjc^juoJI v_ 7 jc_ajlc> 

CjûIS LojuS ôjIjJU cLljuulJIj N = 160HZ l^Luuü I3 c UxjsûJI jjjulqJ ^ 39 ^ àj£jÆ& cUx* 9 vjOLc j 9 £*j Igjl __ 

. R 

ÔjIjJU Nq u £)\szi\ vbuüO _ 


0 27t4lC 
N 0 = 604 Hz 

.Luûj dlljLûi ol J3ÜJ N=N 0 ül gÛÜuLJUüj 

OjlxSJ No u^bdl jjJU Ü3Luüüo ^buoJI N ^jjJI u$£j Lo jülC ijjJ^JI 6>âlb Oj&J 

N = N 0 

OjIjüU cuJLSJI CL03ÜL0 ^3^ _ v 

! cgb^ji-juj\JI oLlJ^juoJI J\Jj> QjO Jâ^>\L 
Crt-jjJl ^3^r!3 jLjJI ôJuJJ 03^ 6 jjSlæ ôjIaJJ R cLo3lajoJI CjùIS Lo^jo 

. bb> 

. LuLuuO 5-y^jl QuûjJI ül J3Üj t QuùjJI Ü3jJ ÔjjulS R Ü3S3 LoJj-C 

• û^LbJ cUjJâJI cLajüIjjJI _ 3 
OjjüOüoJI jJ^ImJI ^Oüi 3 _ 1 

^JjüjJI JUC — i 













R 


c0 = 27TN I = f(N) 

i=m 


z 

Lû) -— 0 i_sî Z <^&jlojoJI üÿii LoJulC QjqæS ùÿSu I 

Ccù 

LC O) 2 = 1 


û)=û) 0 = 


N = N 0 = 


1 

VZc 

i 

liïyfLC 


guLüJI go Ijlû^3 N—No c^ljujuJIj I 

tjjüjJI JU£ ujIjJI 4a>Lojo — v 

. ôjIjJLI cuiSJI qjc^lfijoJI »^3 Ljüj3 CU3J^ ôJjJI QsûIojz O3SU cs\ LCO = - <=> Z = R qjÛjJI -JulC 


/ n = — ^/ = — ^Z = Æ : I cülsïàJI ôJujxJU 
0 Æ Z 



Io cü 3 -£LqJI qjcxxiiJI 03^3 



3dbob 11 .ojjjoüoJI c^LbuuoJI _ 2 

















































































R 


jJ^oJU [N V N 2 ] oI^v>jJI Jb*x> v_s ^3 (R,L,C) ôjIjJ" 3 dbol 3 " . àjj jouoJI culIûjuoJI 


’.UUjSÜ 


J * 



( jjuûjJI jülc jLjJLI cJLslôJI ôjuujJI Jjuoj Io ) — 7= «*S3 L»jüj ^jOLc 3I jjS\ I ^Ufcji_juu\JI 

V2 " 

ôj_>oooJI cüj-LiJuoJI kj&jS' AN — N 2 ~ N x 

IôjjjoooJI ÇUÜojuoJI JuJc*j _ 

t ôjjjouoJI culIojuoJI oIjl^j o^JUI co^ 3 O- 0 

l^js: Ü3SU3 I > —^ c^b^juü\JI û$Aj cLul> 

V 2 

A co = 0) 2 - o\j AN = N 2 - N x 

a A 7 œ 2 œ i 

2 71 27Ü 

27iAN = A^; 

3I rad/s cujLJI ^sJLc oU^IjJIj ôjjjouoJI culLuuoJI 

■ 

:ôj_>ojoJI cüüfljuoJI vL*jjl> 

U 


R 2 +(Lû )——) 
I Ceo 


I 0 — ~— Jo_C lpJuo ^9 

R 

QjS ^àszJj sSjJI Jb^joJI lSÎ ôjjjcxjoJI cLqJojuoJI CO2 3 ^1 Ch l -* j0 ^ ^-k^UJ 

' : ; > 1 

Æ rÆ 


t/ 


R 2 + (Lco ——) 2 
I Ceo 

U 


1 U 
V2 R 


R 2 +(Lco- 


Ceo 


Ÿ 


2 R 


R 2 = R 2 +(Leo ——) 2 ^>Leo - — = ±R 

Ceo Ceo 


LCco 2 \ -1 = -RCco x jLC co 2 -1 = +RCco 2 
LC(eo 2 2 -00y)~ RC(eo 2 + eo^ 

R 

LC(eo 2 -eo { ) - RC <£=> A co - eo 2 -eo x - 

L 


AN = 


Aco R 


2n IttL 

. R §0 bljjol i-a-ujLùL^ L S R v ijjJLaij \J ôj_>ouoJI q.o-kùoJI yjOj£- • 
dJUJA AN ùl iSl bl> O3SL1 Ijl> ô_>Aàz> R Lpj S Ciÿii i_soJI cJbJI i_s \3 • 

JjolfijO _ 3 

: 4 JUJI ci 9 \IsjJIj JjoI&o 7 $jSij 



























R 


q= n ° 


CO, 


AN A co 

. L Lco 0 

Aû)= — ç=> Q =-- 

R R 

• Otî-oJI ÔJl> jjJ^J 3 ÔJl >3 Ù 3 JU CUX jj£U ÔjjjOjoil 3 .oifl.i,oil yjûj£- g-O L_*juAx (—iljujLijl! Jjol »0 Q 

■ ùjjuA Q «tooS culS LoiS b b* ijjujil olS Lois < 
. ôJuoO^xj ôjIaJI cois Lois 6 jjJzj£> Q cols Lois 


q = Lû) 0 


1 


1 


R /?C<y n R V C 


sSl LtOo= 


1 


Cm 


[ j I V * O 


TJ, 


r 


Ui 


QuUjJI JülC tljuJuj 

. J OjS JdDl&O dU jS Ô^^JI JjoLao jCX_juUÜ 

QuUjJI Jù_C I 3 VüjlSuoJI v_S^-IûJjJO QuU <*SjJéaS2J 

U L =Lo) 0 I 0 jU t = '» 


Cco n 


u c — U L o Lco 0 I 0 — 


In 


CtO n 


U = R.In 


U„ = 


In 


U 


C(û 0 RCco, 


- Q-U 


'0 


U L =Lû) 0 I 0 =i^ = Q.U 


R 


Q-Ü-^ 

U U 


Oj\ ^jdc Jju LosJO U l > U 3 U c > U ûl K r SAS 2 J IJlû ^3 . Ô^julS Q O 3 SU hL> LoAjlC Qj\ 

. ôjIjJI v^9\bj ^jJJ sS^ 3 j AS jJob^uoJI ijÂszj Jijujü ô^û^Lb v_s^3 ■ >J3jJI J OjS >£-ku <jjû>II 

■ üVnpJI ujluüoJI jdUôùJI OjJLftJI — VI 

cukcJJI ôjJlàJI - 1 

jJOÿuuüUoJI jLuJI 

W=U I At! v_s^ X v_jJclqJI v_snjLâj <3jio qjo cljljuuüSuoJI cisltJI O 3 SU At ÔJuoJI J\L> 
I P = Ul àuul>jjSJ\ ÔJJLÜJI 3 

^^svjlOsJ I <w >3 I LbûJ I k_s\3 




B 

w 




U=V A -V B 


i — 142 cos cot 
u — U 42 cos(<ar + ç?) 

p=ui iUà^JUI ôjJlsJI O^Sj <ÜbJI ôla ^ 
p = 2UI cos eût.cos{cot + cp) 

coscot.cos{cot + (p)-^ (cos(2cot + cp) + cos cp) 
p = Ul[cos(2cot + cp) + cos cp\ 

i_sv 9 Ja &9 u*»-P yiaaJI i_s\jLu <~ 9 jJo uh° <0_»juüSjoil ciàüflJI />+*£) (jx> o^ 0 ^ ^ ôjJiaJI O-La 

ôjJlüJI v_flj jsü CSj$_y£ii\ (jjo ^9 lii p <0 La Xaà< 3I p >0 ël 9 Üo I^JLJUJLaAj («-Jk ilüJI v_SNjljU ùl 5 li>| Lo 

. cih_Juu3JuoJ | 


































R 


ëih^ùoJI ôjJlrJI _ 2 

: T j 3-ÜI J\l> v-JaaJI >- 9 >lo o-° ^j-jjJü 5 uoJI 4 aj« isllajl 


P = 


dE' 
dt 


p = 2Ul[cos(2ûX + ç) + cosç?] 

E - UI £ [cos(2£üf + (p) + cos (p\it - Ul cos <p^ dt + UI £ r cos(2tf7f + (p)dt 
E - UYT cos ç +0 = UlT cos (p 


P = — <=> P = UI cos (p 
T 


ûjJlüJI JjoLsïo Cos(p 

£ 0 _>j 3 >IWI ôjJlüJI 

S = UI 
P = UI cos cp 
P 

cos (p- — 


ôjJLfiJI Jjolao 


U = ZI 


R 

COS 67 = — 

Z 

P - UI COS 67 = ZI 2 — 
Z 

P - RI 2 

Ü^SÙLOJ R CU^IûjoJI <JjO \j| cJcLjuU^ijoJI CLuUj^SJI ÔjJlqJI vdi^JLjuüJ \J CtJl^juoJI RLC ÔjIjJI v_sv 9 

P=RI 2 ÔjJlüJI ÔJlû^ v-S3Luüj3 

ojJLaJI JjoIao coj&âl : qJô^Jlo 

\jJ$J dJULgJüuUUoJU jJjOoÎOJ CLCJ3joJI CLjuUUuJ^joJ I ül9 JÜJ^JLajüüO <JjO ÔjJ \jj-pS ^L9lb vil\L^ji-JUül JJlC 

V_sv3 ùy>\j 3 I c LoAÜj 3 ciJLo^joJI qljLjjJI V_sv9 i(t) vS^XjjÿS j\jJ ciLlûJ dl\LgJüuu\)l lÂü ol lSI 

. <UjoJ 2 ^juuuoJI clJUj^SÜI 6j ^>\Jl £ 3 Ju (p j 3 ^JI 

p 

dJUiS Icoscp Ü3SL/ Ô2 >Jc^jo P ôjAüJ cLljuoJIj / COSÇ? = — ejJ^juuü P — UI COS ^ CL9\JLsül ^>0 
blj-bl uuujLü c^uljJuJI -b 3 _Lu> v_sv9 J 3 ^r J 3 S 2 Àjo ûl I 0 J 3 . COS(p ôjJl&JI JjoU 2 x> jSlæ LoJS jj&j I v_sJUIj 3 

I 2 &0 

0.8 <>c L 03 XXC 3_&3 vdJLpjüuuuoJI ^sOLc <^^^3 ôjJlqJI 









R 


. sSjjuüüüI uSVjujjfcJI fiibüJl ^jJ ÿjucJI RLC ôjIjJI 


1 (jJj JOJ 

■ U-i^P^ (r= 10 ^,L= 0 . 1 H)cisL H Jü 3 v^sJoj^jo jjuu 

w = 10 V 2 cosl 00 ;r t 
. ÔjljJI ÔJlQ} CISL)LooO «^jljuUoI _1 
? U (t)jJ 3 iJLI cUjujuJU i (t) cidxaJUI ôJuujJI lo _2 

. i(t) clJô^JUI ôjujJI >h^ a>sI — 3 

2 vjj>oJ 

! ( mA«w>) cuJâ^JUI cüjuuj v_syp> s-> 3 Luuo jLü V-SJI 3 JI ^^JLc (R ,L,C) ôjI^ v_sv9 jjou 

i(t)=13.5cos300t 

C=12|jF 3 L=250mH 3 . R=110n 

! ôjIjJI ôjl^J ^jljuüLâjcxJI cLjuuuj i^svJLc jJ^LojlcU 

. (R ,L,C) <^JûiLll usdlu v_sdojjjo ^jjj jJ 3 jJI v ljuJl::> I — 1 
■ (Plj u ^LjLJUÜüJ U jLuJI ÔJUUÜ ^Jk_AjOJ>! _ 2 

3 vjj>oj 

! ^uJLJI oLS>oJI t^sd-C c djl^)»£S ôjl^ JjoûLjûju _I 

. R=24£î c Lu 03 Lüjo VPJ 03 I J-P 3 J 0 _ 
. C CU^-JUÜ ^ûiSuO _ 
. r clJL>IjJI I 0 -ÙO 3 UJO 3 L JjoLsjo ctejLjjj^ _ 

u(t)=U m cos 27 iNt <^syLpr vs^ 0 GBF jJ3joj ^_s 0 I^JI ^jdc cuSjjoJI cluUj-^SJI ci£3joj*joJI lSjü ) 

. kzJU JjL9 N ^13 U m =10V ùl ôup^ 

i(t) = lV2 aw ( 2 îiNt + cp i/u ) <_sv^ v-SvjIj.^ÜI jlûdJ cuk^JUI ÔJuujJI 


Ur(Ï) v^jJI Y 2 J>JuoJI <^5^3 u(t) V3jJI Yi J>JuoJI ,^5^9 Lsl) jjdb^JuO ^53 V-VÂjJI /XjuuIj cÜû-juU^ _ 1 



■ v_SVJ03\JI JuZ 53 joJI v_sdxr>jO QuU 
/XjuüIj J QJj IgJ /XjU vpjJI c LlÀ : a 5 JI <JuU I3 Cüluü <_S\JLe 

. vjüjjJI 

^sdc N= 202 Hz cuxjjiJI ^jdc Jojuz? julC _ 2 

JIjuJI <^9 ( 2 ) 3 ( 1 ) üLÿj^juoJI v-VÀjJI ^LjuJ Ljuü 

. <\jj L> 

£Üjl1juüI 3 u(t) ^3JI ^JjuOJ (1) I ol QjU 1 — 2 

( St^sI <d 9 lSuo 3 I CLpdS t Qjuâjjszj ) ôJjJI C^julIo 

tPi/u 9 1 uSsjIj^SJI jlÿJU cJLaâJI CLOypJI ^JL> 2 _ 2 

V2 

-P311cm <-> — Volt/xJLuu j\jü^\j^ Jjuj^ cLujüU _ 3 

C UiiSuoJI QSLjuJ^ r C(j03LûjO CLOyp 

jjjüLjuü I ^jdc ^.V>jJI ^Lul U m V klÀJSZ.J _ 4 


U R (t) 3 u(t) Quu J^kjl vpS ^ 1 ^ Lid^ 
Ig-dc JuZi^joJI Ô^liôJI /XjuüI Lo 1 _ 4 
. Jdc T LgjL^Ldjj 3I N cuxjLiU ô^UjJU /)3-aj Jj 3 > ô^LkJI ôâ^ 2 _ 4 


C L 


' ÜÜOO 

^v)— 


'x 


R 


HSh 


4ûj>oj 

c dJLJI jj£> LlsJI ôjl^ jJjoûLaJûu 

! v_S^J 1 t^sde 

JjOLs2jO 3 C= 5 [jF QJSLjuJ 'JùS uO 

cdxx^jo cuJb>ljJI LpJu03lûj03 L= 0 , 5 H L ^xjy>ü 
jjJdjjuüd I3 R= lOfl CUJO3IÜJO ^5^3! JuZ 53 X >3 

. ciJjo^jo LpJuo3lajo 

«^.syupr vsLuuo v_sdb^S jj$ju ôjIjJI sS_Xâj 

























































R 


. (C,L) v_sJcu^jo { juü àuStjjz I_)l> ùjjuS CL 03 IÜJO lSS . u(t) = 20 COô 27üNt 

ûl lSI cLoAs*juo cLcx^ ^sJJ jJucxJoJ^àJI ûl No cUkJLiül ^jvlc <^ 0*^3 N jjlSL; loJû»C _ 1 

. LoJlS^JuO jJ 3 jJI 

. No ^JCXa-9 (^ÜUuLajÜI 3 • >ÛoJûJ 3 AJ 1 ôjLjUüj J-JUdS 1 _ 1 

. N=N 0 J clljuuuJIj i(t) ôjuJjJI 3 q(t) Jqx:Î 2 _ 1 

. N ^juoJIj t cdô^J v_sv3 ( R,L,C) E claJLSLII cisllaJI >h^ 2 j Jacl 3_1 

■ (No) c ÏjOuJîJI ÔJl^J ^JlJuJLâJIj E I 3 N = N 0 J CL^juüuJIj ^ÜuIj E CuKJI UdJI ül jU 4 _ 1 

. ÔjIjJI ÔJl^J cLa-ajuuJU Jû_C \*3qS <JjoI&æ ^jljuüL>I 3 5 _ 1 

: ôjIjJI v_s^ jLxJI v_svjIj>^SJI ^L^JLI c ^z l^JUI ôjuujJI >hlsj . Ni =90 Hzcuxj3 ^^vJLc N iou^u _ 2 

i(t) = Ia^coY + cp) 

/)l CU9US ôjljJI Jjfc ■ (P uS-LJI 3 I ÔJuuüJI t Jjlt>3 cLujüJ Jlo^aJüuuU 1 _ 2 
_ . Ni cLouiiJU cLljuuuJIj qlJL^uuuoJI cÜcljuü 3 ^joJI 6jAÂ JI 3 ôjljJI ôJl^J ôjAüJI JjoLs 2 jo 2 _ 2 

5 u-o^J 

! (JJQ 1 jJLSLjuûJ! »*_Sv5 c ÜjuOuoJI CLajUj^SJI ÔjIjJI U 3 ^j(J 
. .ku^aJU <=iJLjL s R CLÔ 03 LÛJO V-SVJ 03 I JuZ> 3 jo 
\J| Ù 3 SL ùl <jixXJ ^ C ^SJ r c ^SUjJo D <^Jû 9 V^SSJ Lu 

. cÜLxx^jo IgJuc^liLo 3 I LûiSuo 

jLûu ôjIjJI ^ 3 jj G.B.F ^yiâjâuuo lS3 jJ^jo 
. i(t) = l m œs çot ! culia^JUI cüJuJu SrSy^Pr ^ 3 ^^^ 

v_sJajjjO <JjJ Ul(t) jJ£jjl vJujüJI /XjuüIj cÜû-juüI^ Ls 2 Û _ 1 

. D ^JoüJI v_svjLu i^sJojjjo <juu U 2 (t) v_svj 03 ^JI Ju^> 3 joJI 

■ clLq-juüI JiLjüJI i*_sv3 q-ajuoJI ^_juüjJI <ta _ 5 \JLc â3 

^^JLc v-sn-oS^JI guuoSJI JcuuJo dJU33 

^_ 5 vJLc ^-^juuIjJI c l«^juuLajuc^JI 3 5.10 s/div. 

. lV/div. 
! LjLjjo 1— 1 

3 U 1 00*9^ U 2 m 3 Uim L/ ^ 3 -*aiJ 1 I_ I 

/ U 2 

CISLlJo güüuLJuul /XJ i(t) J CL^juüüJIj U 2 j 3-lo _ W_J 

. D v_sOLu 

jjuOU sSjJI v^SSjL/jlÀJI JjLÜxJI CUXa3 JL> 3 l 2 _ 1 

D v_sOLu 

. R=300H ol LoJLc 

. i(t), Ui(t) ,U 2 (t) güjLLiuul _ 2 

6 vjj>oJ 

AB «^-biül v_sOLu lS_Xsj 

u(t ) = 40V2cosl00^ 
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! D2 3 Di ^-Lüdl oLuLiJ g-ox^iü Jjjo AB v-^-îLu ü$Suu 

. Ri = 7 ^ CLÛ03LÛJ0 v-SvjosI Ju*O3j 0 Di 
. R2 cuJL>IjJI LpJu03lüj03 L L^Jajjj^ü Jjolao D2 
Quu LfrjSjj L0AJLC3 Ui = 14 V JLaâJI jJ^jJI tjJI Di »^sJojjjo <juu LpjSjj LoJulC jjucxJûJ3^JI jjljuuü 

. U 2 = 30 V ^jJI >h^ü D2 i > _sv-Lujjo 
. AB ^-biül v_sOLu ^svS >ou LSjJI jLjJU cJLs^âJI ôJuuuJI ^^ljujoI _ 1 
. AB JoâJI v_SVJLuJ Z CLS2 ÛLjOoCxJI3 ClSL^J^U Z2 AajLouCxJI «^jljuüoI _ 2 
. R23 L /Xj 3 <^jljuUL>I 3 . oLsjL ojoJI ÔJl^J ^IjljuUüJL JjU jS cLuUül Jocl _ 3 

■ i(t) ô J l jujJU CLuJuUüJlb j^9-dJ _ (P233-LJI k 3 j$ ^jljuUL^I _ 4 

■ i(t) ô JLjuüJU ^IjljuUüJL AB a loQ Jl i^.SVjLiU i^sJajjjO (J-aJ 3J3-LU (Pi loJI \3jB v^jljuUL!>1 5 
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. kSjjuofiJI iSyjcül .pUsuJI üvd RLC OjIjJI 


i(t) 


> 


■* 


(L,r) 



u(t) 


B 


1 

! Luupr I jj$j (r= 10 fi,L= 0 . 1 H) c Is 2 jljuj 3 <juu ^3 -Jcü 

u = 10 V 2 cosl 00 ;r t 
. ôjljJI ÔJlû^ cLajlouo ^jljuuoI _1 
T u (t)jJ>dJ clhuoJU i (t) cui^JUI ôjuJjJI <p i/u jsb Lo _2 

. i(t) cUô^JUI ôjuJjJI j+jsü A> 3 l — 3 

: vl^JI 
ÔjljJI QSÙ LouO _ 1 

ll(t) = ri(t)L —- ciSijLJuj^JI <jjy LujJ Jju^9 cLuJül 

dt 

i(t) = I m c(ià(lOOM + (p) 


10y[2 caà 100M — rl m ca)(lOOM + (p)+ Lû)I m 


COà\ 


100M + Ç+ 







rat 



r = 10I2,L = 0,lH $ CO = 100m ol Z = ^+[Lûjf 

Z = 104,8^ 

<P = ~<Pi/u '■ u ^ 9 ^ i àj±xll\ ÔJ_^JI j$lo -2 

î . .. s s L<y 0 , 1 . 100 m 

s\ (p = 72,34 ° ol «_sl taa<p = -=-= # 

r 20 

2 m 

(p = —rad 
r 5 

2 m , 
<Pt/u = ~—rad 

; j q_Jô.^JUI ôJuJjJI jjuSÜ _ 3 

^sJUbs U m = Z/ m => 7 m = ^ 2L = 0,13A 

7j 

i(f) = 0,13awfl00;w-—^ 


2 

i(t)= 13 . 5 cos 300 t ! ( mAv) ^i.aIô^JUI cüjuuu v^ss-juc^* yj^Liuuo jLû (R ^L^C) v*_s\S 

C= 12 |jF 3 L= 250 mH 3 . R= 110 £î ^osù 

\ ôjIjJI ôjl^J yjLJuüLiuoJI cLjuuuj ^_ 5 vJLc jJ^LoûlcL 

. (R ,L,C) yjJaüJI v_svjLâj v_sJcu>o qju JlsâJI >J 3 jJI vljuijoI _ 1 
. ( Pij u JJ 3 JJ c UouULjJ U jLûJI ÔJUuJ yjLJUüL>l _ 2 

: vl^JI 

R,L,C ôjIjJLI Jjj >9 cLujüJ 

co=300rad/s oî — 3 Lco UjUj cJbJI ôâ^ T />l cui> ôJjJI Jj 3 > 






















R 



cusl£ ôjIjJI ol lsI—*— > Léo ^JUUq — 
Ceo Ceo 


277/7 3 Léo = 75 


! v__s\JLjJI i^^OLc Û^Suljuj ^Lajuu|3 

R,L,C v_s^jljj v_sJcu>o <jju JLszàJI ^Ljujo _ 1 

: cuJUI q3\isdl 
U =ZI => U = ZI 


Z = JR 2 + 


Ceo 


-Léo 


= 230/7£2 


U = 2 , 2 V S5JUU3 1 = 9 , 54 mA LujJ 3 

! °L|ljuULjJIj jlûJI ÔJLjuJ j3-L — 2 

R 

(p i/u = 0,3771 ol sSl C 04 ep = — = 0,40 

Z 

3 

! cuJUI oL aS^joJI ^s/Lc ôjL ^Jjoûüûûu_I 

. R= 24 £l c Lu03Lqjo <^03! JuZ)3jo _ 
. C CljLS-JUÜ lÂjîSuO _ 
. r AjJb>ljJI LpJuo3lajo3 L = 1 HL^üjjO JjoIs^ _ 
u(t)=U m cos 27 iNt v_syuy> vs^^ 0 GBF jJ3joj v_s 0 l_9^üI ^jOLc cu^jjoJI clJU^SJI clc3joj*joJI çS_xâj 

. iou^ii JjL 9 N ^>Jl3 U m = 10 V ol ôup^ 

i(t) = lV2 ( 27 lNt + cp i/u ) v_SVJÏ> v-Svjlj.^-SJI jLûiJU c bJô.^JUI ÔJUujJI 
U^Ct) >^3jJI Y2 Jj>JuoJI «^3^3 u(t) >^3jJI Yi Jj>JuoJI v_sv3 <jjlaj ^uJb>Juo v_S 3 v-V-LJI /xjujIj c lL-j>uuI3J _ 1 

■ v_SVJ03\JI JuZ)3joJI v_sJ^M>0 QjU 
/XjuüIj Jojj IgJ /XjU v-_S0iJ I { JuJ Qj LuJ 

. v-V-LJI 

^s/Lc Jâ^\b N= 202 Hz ^jouiiJI ^jOL: ^v>jJI Joju2> ju^c _ 2 

JIjuJI (2) 3 (1) oLul^juoJI v-V-iüJI /xjuuIj cOJüLjü 

. cujbr 

güüûLjuJI3 Ll(t) ^3^1 JjuOJ ( 1 ) <- _50^0uoJI Ol 1 _ 2 

( J-^oJ ^ 19 lSuo 3I CU 9 US t ) ÔjIjJI C^julL 

«Pi/u 3 1 v_snjIj>^SJI ^LJU cJlsâJI closjJlII 2 _ 2 

V2 

jL>3Ïlcm <-> ^-Volt/xJLuü jlÿj>lj3 Jjù >9 cLJjüU _ 3 

C LiüSuoJI àsijuJ$ r CU^hJj^JI CL03LÛJO CUXjl 9 
LJR.(t) 3 u(t) < jju j 3-LJI v_s ^9 ^3^^ l-S^-C J3-^l>JI <jjuLuuI ^jOLc ^^jjJI >sâj3 Ajuli U m v JôÀjLjO _ 4 

L^JLc J-^^oJI ô^ILJI /xjujI lo 1 _ 4 
. vl^JI JJ-C T IgjLaiLu 3I N cLouiiJ ëoUjJU />3Üj Jj 3 > ô^àlbJI ô_)lû> ^a&szjJ 2 _ 4 

: vl<P*JI 

. c tûLr JijjJI j-bül . V-VÂjJI /XjuüIj Luj c LlÀji^ 3 I ^-JuiSjjJI 3 jLuJ — 1 

! ÔjIjJI ^..ssJcu^jo ^j-ju jjQjJI U(t) jjQjJl JjuOJ ( 1 ) Ol qjjuJ_ 1 _ 2 

Yi J>JuoJI v_sv 9 Jl>3j v_soJI U(t) 3 Y2 J>JuoJI v_sv 9 J^>3j v_^-II UR(t) OjLiü 



U = ZI m = ,|(R + r)" + 


/ 


Lco—— 
V Ceo 


\ 


3 U mR = RI m ! ^ />3> °3^^ M 
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R 


c = 


co(Lco-(R + r)) 


= 0,6|nF : sS^ac ^bü 


. à jjfclb cii±>\LoJI ô^lkJl9 j^kJI ^9l 3 J ^JLc U R (t) 3 U(t) lou _ 1 _ 4 

fl ^ 

jladj 3 Lco,-> 0 =^> LCco 2 > 1 LCco 2 > LCco 2 =^> c^ > co 0 cu^>=o ô^IjJI ol lev 2 _ 4 

Ccûj 


. qjo oî o+ô-^ ô>&lb ^jOLc oj\ v_sl Ni>N 0 0L9 ^>JI No oî 

4(jjjd0j 

! v»_sv-JI L.S'J-C c o^>jo cuJLJI >^Lsdl <- _5 \JLc ôjjijj^S ôjb Jjoûüûûu 

v_svj 03 I J-^ 3 j 03 cdbxgjo cuJL>|jJ| I^ô^Iûjc^ L=0,5H JjoU^jo Qsuujj^ 3 C=5|jF cus-*jj cjüSuo 

. pJLo^jO IpJuC^lûJO jJÜD^uuol 3 R = lOfl CLuC^UjO 
cuSjjo I_l> 6jjuS CL 03 IÜJO çSi> jjuoJaJ 3 S . u(t) = 20 aw 27iNt v_syuc> vS ^- 1 ^ 0 v_svjO>£-^ jJ 3 jij ôjIjJI çS_\üi 


C 


-T 


ÜÜDÜ" 




HSH 


. (C,L) v-sJaj^-O QjU 

Ol çSl cüd_Xs 2 juo cLoul9 >uoLJ 3 âJI ûl br>\lj No cLoulÎLII ^jOLc cLbju^ü 3 N ^>>jJI jjSù Io_Ll£ _ 1 

. LoJlSjuO ^3^1 

. No ^L0ui3 (^üuuOuüI 3 ■ _>^J(xbJ 3 ÀJI ôjljujj juuüS 1 1 

. N — No J c O- ju -oJb i(t) ûjljuüJI 3 Cj(t) I ^Sjju^su JclcI 2 1 

. N SSjjJ ^ljuuuJIj t cdà^d V_sv9 ( R,L,C) v^LûoJU E cuiSJ| q3ÜaJ| j+jSü Jacl 3 _ 1 

j N = N 0 J ^jljuülâJIj CLûb E cuKJI ^SlbJI ol Qju 4 1 

. (No) c LOulaJI ÔJl^J ^OjuüLaJ L E ^ji_ajUC>I 3 
QuûjJI Jü-C > 3 lJI JjoLs 2 jo C_jljuUOI 3 c3^C 5—1 

. ÔjIjJI ÔÂ^J CUljuUuJIj 
■ Ni =90 Hzclou.3 ^sOLc N ^v>jJI JojuZü _ 2 
; 3 ^ ôjIjJI ^3 jloJI v- 5 vjIj>^-SJI jLjJU clJô^JJI ôjuujJI 

i(t) = Ic<w(cû,t + cp) 

cLOqjjjO /A CU9US ôjljJI Jj& ■ <P j 3 bJI 3 1 ÔJuujJI ^_L> i J JjjB cLujüJ JLo^OjüIj 1 _ 2 
_ . Ni Qj^jJiü CLljuUuJIj CllJL^OuUUoJI ÔjJlqJ^ ÔjljJI ÔJLpJ ÔjJloJI JjoU*X) V^juuol 2 _ 2 

: wlo^JI 

! jjuoJaJ 3 ÀJI ÔjLujJ jjljuüJÜ _ 1 

l(t) = U|_(t)H“Uc(t) oljJ 3 jJI CU 9 L 0 J O 3 JL 9 LujJ ^ûjl5uoJI3 CIS 2 jljuJ 3 JI v_sJ^U >0 { Juü 

Z, — Lco-oî CjuSkj Ui=ZiI 1 ôjIjJI qjo c><dl Ijlq^ cls^Lojo Zi oî jjüsù 

Ceo 

ol3 joJsûjq >üoJoJ 3 àJI b ^jjo cuJJ jLJjuoJI >i 3 ^JI ûl Loj 3 


^ = ^1 = 


Lco- 


Cco 


.1 = 0 => Lco = 


J_ 

Ceo 


lôJ Qjsejüj /ilAsiil ùl lSÏ N—No jlIlc (JjJjJI 6jA11qJ \jslo ôjIjJI v_sJLJIj3 

! No ^Ij 0^9 gjjüÙLjuJÜ 
1 


Nq = , - 

2nJUC 


= 100Hz 


: N=N 0 J cujuoJLi i(t) s q(t) ^LSuàJI 2 _ 1 
i(t) = lV 2 COÔ (l007Tt + (pi/ u ) oî /ylsû 
(p i/u =0 : ôJjJI oî Loj 
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R 


U = Z.I 


Z=. R 2 + 


Ceo, 


-Lco, 


= 11 , 10 . : cUUI q3\LaJI L»jJ 


I = — = 0,2A 
Z 


epi/u 


to « ( Pi/u = 


V e ®, 


-Lc^ 


R 


= 7,1 


9i /u = 82° = l,43rad 



. cusliS ôjIjJI 0L9 —-— > Lco, oî lou 
C(ù { 

aw(p = 0,94 : ôjaüJI 2 _ 2 
5^=RI 2 = 10x0,04 = 0,4J : ôJjJI <jjjJo ^jo ^ÜL^jüuuuoJI ^L-juü^juoJI ôjJlqJI 

5 i Wjjoj 

! j^JjO 1 JijJjJI ^3 CLIjuOooJ Quj{jj$SJ\ ÔjljJI O^SlaJ 

. JojuZlJU cjjls R OJjQ^lsLO V-SVJ03I • 

LûiSuo \J| Û^Su ùl ^ c u£Ü 1 D v_slLui • 

. ClJjO^jO I0JUO3IÜJO 3I 

v3l^uo v_svj!j>^ jLûu ôjIjJI ^ 3jj G.B.F ^Ài^juo jJ$x> • 

i(t)=I m cos çot : cilâ^JUI cojlaJj v-sv^pr 

V_sJcüjJO <JuU Ul(t) >J3jJI V-VÀJI c lIq-juJI 3J <JjUü — 1 

. D ^jJoüJI v-SvjLâj v_sJcu>jo <juu U2(t) ^>J3jJl3 <^03 ^! JuZ53joJI 

. cdLs-juüI Jl^uûJI ^_s3 ^jjuuoJI ^OouJ^JI 

^sJLc v_SV-Q- 9\JI £UuoUI JojuZJ JSLf dJJi>3 

^>ic clhujLajlsJI 3 5.10' 3 s/div. 

. lV/div. 

! LjlujO 1_ 1 

/ U2 3 Ul o^ÿ^dJ U2m 3 Uim - I 

v_sOLu ClSJj-Jû güjLJ-ujI /)J i(t) J CU-uJüJl) U2 j5-1o — V 

. D yJoâi\ 

v.S'jLj jjjyj sSJJI v^bjjLfiJI JjJLoJI JC^I 2 _ 1 

D v_JclqJI 
. R=300£l oî LoJLc 

. i(t) r Ul(t) ,U2(t) jjulS^aJI ^üuuOuül _ 2 

: vl^ïJI 

Uim àj£*ÆSii\ cLouJîJI _ 1 

U lm -S y .y, 

= 1x3V 
U2m ^J3-^üJI 3jOu«jiJI 
U 2 m =S y .y 2 

= lx2V = 2V 
























































R 


i(t)J cUjuuüJU U 2 j3 . JaJI - 2 


K 


Ui(t)=- dUiS L)jJ3 (p . - ùl CJuJSj Ui(t) csJLc j^JaJI ^3 qjoJLSiio U 2 (t) ùl V' 


Tl 


<_aiSLo 3^ D v-jJoüJI v.s'JLj AsiuJo ùl v_sJUli3(p u2/i = — 1 9 u 2 /u! = — ~ OÏ <-SÎ Ri(t) 

: D v-Jsüül V_SVjLu jjJOsJ sSJJI jIjlojoJI _ 3 


U 2 =Z C I^U 2 = 


U, 


^c = 


U, 


= 16uF 

RC(0 U 2 R(0 

U 2 (t) 3 Ui(t) 3 i(t) ûJuJùJI jjuSÙ _ 4 

U, (t) = -Ri(t) => i(t) = — ~u, (t) 

K 


2ît 


T = K X .X ùlà v_jljuü 2 >3 CO = -^p- üî U J (t) = U lm COÔ OJt ,_5 ù^»JloJI JijJj l _sJLc IeLj 

x=4div 3 K x =5.10' 3 s/div 3 \ cusis\JI A^LuuLaJI K x ùî 

( 0 = 2 ^° =1007trad/s . 5 JUU 3 T = 20.10' 3 s oî ssî 
i(t) = -10 “ 2 caolOOnt cuo 3 Uj(t) = 3ctu>1007tt ùlà 0 JÜU 3 Ui m =3V 3 


u 2 (t) = 2 cod 


71^ 

lOOrn — 

2y 


J £ U_*jjuJIj 


6 vjj>oJ 

u(t) = 40V2cosl00 M AB ^jJclqJI v_s^jIâj sS_Xâj 

! D 2 3 Di oLuLuJ gjuOJ^J <jjo AB ^jJaüJI v_S^Liu 

. Ri=7fl <^uo 3 Lûjo <^ 03 ! Di 

. R 2 AjJb>ljJI LP-Ô 03 LÛJ 03 L Ip^ujszj JjoIs 2 jo àsz+jjj$ D 2 
D 2 k_s^oujj& {jju Lo_\j-C 3 Ui=14V JLszàJI jj$j Jl I Di <juu Lo-xj-c jjuoJaJ 3 âJI j^lü 

. U 2 =30V 

. AB ^jJaiîJI v_SVjijj jJOJ LSjJI jLjJU AJLsLûJI ÔJUujJI ^jùjuUL>I _ 1 
. AB <*_jJaüJI v_S^jijuJ Z àsiJ LouoJ I 3 Z 2 A^jLoooJI _ 2 

. R 23 L /Xjl 9 ■ olajlouoJI ÔJùgJ CLljuOjJIj J JüjS cLujüJ Jod _ 3 

. i(t) ÔJuujJU c L^juüuJlb _ Cp2j3-^^^ v3>^ I _4 

. i(t) ÔJuujJU CLiljuJuJIj AB ^jJaüJI V_S^jIâJ v_sJcü >0 <JuU jJ $jJU CPi j 3 loil ^-JLJUüol _ 5 

: 

! AB ^jJclqJI v_s^jIàj < 3 ^ >cxj lSjJI jLûJJ AJLslqJI ôJuujJI _ 1 
^juul> Lujj R=7D <3Juo3lajo v_svjo 3 I JuZ) 3 jo 3^3 Di v_jLkiûJI v_svjLu <^ku>o >ôoJaJ 3 -âJI -VJLC 

. I = ^ = 2A jUÜ «ÜlaàJI ôJuàJI I ùî U, = Rjl fi 3 \ O 3 JI 9 
R 1 

: v_sJUlS q3\lsdl U35u cLs 2 j«^Jj 3 JI s^V>° >^W 3 -ôJI IjoJulC : cLs 2 jhJj 3 JU ^2 ^l;IjojoJI v»L juUL> — 2 

Z 2 = ^ = 15^2 ùî ù>îu 2 =Z 2 I 

1 -22 

v_s\jLâj v_sJcu>o JLszàJI >J 3 jJI oLJasoJI v ljujo . AB v_jJoüJI v_s^LuJ Z cis^LoucxJÜ cLljuuuJIj 

jo$\ Û3j 19 (u(t)J cLuuojJI^^U^oJI <jjo L 9 \JLLaJI ) U = 40V 3 ^ AB 


U — ZI : 


Z = — = 20Q. 

I 























R 


rat " 



! ôjIjJI oLsl»LoooJ ^La_ajüjJU Jjj^ 9 cLjujuj_3 

v__S^JLjJI Ji-ûJI qJL^LâJI cÜ^Ls2joJI 

ZI m aw(lOOTtt) = Rjl m COÔ (lOOm + tp i/u )+ Z 2 i m COÔ (lOOrct + cp) 

ZI m fLo ,Jjjllajuo jLiü Jjj>9 cLîjüV 

R 2 3 L /XjlÜJI vL JuUC> 

z 2 =(r 1 + r 2 ) 2 + M 2 (i) 

Z 2 2 =R 2 2 +(Lco) 2 (2) 

jJc (l)-(2) 

Z 2 -Z 2 -R, 2 


■ Z 2 — Rj +2 RjR 2 => R 2 - 


2R, 

R2=9Q : sS^jlc 

: L u àjj^tjJ\ Jjolao l _sJLc J-^usü (2) «ü^LsioJI [ jx>$ 

L = -Vzj 


L 2 co 2 = Z, 


R, 


R, 


co 


L— 0,0382H: iS^jlc 

i(t) ÙJuCüJU Qj—uuuJ 1) U 2 _>J£iJU Cp2 _2gJoJI 3 j 9 _ 4 

Lco 


to«cp 2 = — 

R 2 

(p 2 =0,93rad sS^jlc ^^Joj 
(p - (p„/i «3> - 5 

Lco 


£aft(p, = 


R, + R. 


= 0,75 =^> (Pj = 0,64rad 















OIpt£joJI 


olo^JLsüoJI JJü 

cuJle Jl> obv>J ob oL>3joJI JjcxsIjuuü t jLcx 3\J| olo^JLaxJI JjlJ 

Lo Qjo$1suq Jjü v_sv 3 ^ôib^j '^^3 Q^uJu>kjszjojÿSJ I cL> 3 joJI v_s^ lo 

QjCÜjÜ cumJ _ I 

■ V_svüjlj3 JoLuJÜ 

Lû>jLuJL*jI l_X^3 ^j^kjüuJcÜlSLOj^S^J I OÜ>3joJI ^3^>3 LuU>^J Jjjl <JjO J3I usOLoJ^I v_SVJ b jj-ôJ I JJÜSL) 

ob>3xxJI ûl vAjJjü^I _VS . cojjjji^JI obr^oJI /xjujI oL> 3 oJI ôJlü> ^jJLe ^3!^! -XS$ . I v_sv9 



ol&bfcj\JI St^ 3 ÔJuS£J olsLuUUO t_sJj LgJLuUjJ <J^uOJ ô>x*S Jl> obv>J üb Q*uuUuJ£ülSZJOj£^J I 

oL>3jo Cj-cU oÜ3Suo Lo _ 1 
v.S'jJI qsLuuuoJI L03 LpJL|Lajüuuuo \jS$ 
oL>3joJI ôJl& LgJLsibs 
? L&^jOj L03 T ôJl> 3 Lo _ 2 
jj%j| sSjJI v_sJUcu\JI /xJLsdl /xjujI Lo _ 3 
Jclc*joJU jj Le v_s^JLuj \J J boJ I J3 1 

. QjJjjjlçJ\ oL>3joJI cLb_juul3J v_S^jLLb\)l 

T c LLjuj lSÎ \*s 3 $ 

3-l^ljJI oL>3jo ob^jj Jbïuo Lo _ 4 

Ojo^JLaoJI J JU — II 

2 ^5yüjJ>üJ I JobuULiJI 

jJu^ü3 c ÜLô_juü I 

<jjo O^zJI gjxjuju3 Û333 j5LuoJI /)Lol 

. 03 jzJI jjS uO 

:>v>jJI JJ3JOJ û 333 j^u«joJI 

VsLl^jo jj$j Le büuJo GBF ^yiâifcJuoJI 
. 440 Hz cujou33 ^^o^juuuo v_syuy> 

_ , . , , ..____ _ ___ ^JuaJI /x_ajJIj cLAjjbjj ^_$vJLe Is2j 

Expérience reahsee par HERTZ en 1335 ' 1 M 

GBF jl_pe> qjo cUlSjuuoJI ! ^juujLjuj\JI 

. O^zJI >aSuo qjo ^UjLa^uuuoJ I3 

CüjjrfiO ^Loj^ ^büujljj OjLuül Jjü — 1 
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. IpJLuU;! ^IjjoJI CLo^I^joJI Û533^SuijoJI />Lol w!>JC%joJI 

. O^^lII jjS uo 3 û333j^j«joJI qjo JS d^Jb sSjJI j 3-)JI iJo 1 _ 1 

? ulJUI j3^> Lo 2 _ 1 

03-^JI jjS uo L^JLii^uuu I 6 jLjj ))\ 3 GBF ^jo djLsjjuoJI ôjIjuj\JI \^sljuj 33 s^js-^s ^5\JS_jûj ^jju üjIs 3_1 

aJLobJI ^3-oJl3 ôjLajjDI — 2 

^IjjoJI CL03L^joJI JjOs^J Lgj\J t cdLobJI CL>3 joJU lSj-ZI Jl uLjJUI Jj>b Ôj-juJÜÜuoJ I CLu3^oJI CLoj-^JI ^JVjOouUÜ 

■ LpJLuujJ 

T l&jLujüul cLCjuuJ j _\3 CLJj I03 T dJLobdl cL>3joJI ci Pi a lo Lo 1 _ 2 

S* djJxJaoJI ôjLJj\JI L03 T djuixJaoJI ôjLjj\JI Lo 2 _ 2 
. QuuOoZüJI culo^d LfiJ>S2J iicl 3 _ 2 

sa 

iJjUOyoSüJI ^UJLxftJI ôJLû> ^JsjOuuüÜ qJLobdl 4^r£JoJI OljjüOüO kSX>l ÔjLujj ^jJOyuûJ LoJÜlC 

: clz)\L> _ 3 

g_aJ^jo cLuuc> cl>3o v_sv ^-9 t CL03JL20JI Jjjj dJ_h_Juul3j /xJu lSjJI Jjobdl v_s^ qJLobdl ci>3oJI 

cuîli^l ôjL*jj\JI ^jljuüj> dJLobJI c L>3joJI ^xâju . ^Aâi^^uo ol3 duuU^gS ôjLujj «jJJ dj03laxxJI J3>J 

£ CM £ c Cm £ 

Jl>\J dJuOokio ôjLmVI ûl 3I dJLobdl dj>3xxJI ûl J3ÜJ t LgJLoJ ^IjjoJI 

( ..... gJJ J3 oj*joJI ^âjlpJI t 3 j^I>JI ) ^>30 3I ctu3-^ cu>3o Ü3SJ ûl dJLobdl ci>3oJU <jSjoj 

. ^AJOuJojJI dJIjl) dJLo^JI ô _\_Qi ^^SjO^juUÜ cdLobdl dj>3oJI ôjLjuij\il Jj£l9 JLjLLjuü^I JülC 

■ ^UjuüU bûàojÿSJl ob^joJI — II 

■ ^juuuuiflùao jÿS c L>3jo JLiUjujIj üLujjj 1 — 2 

3 uSv-u>^jJI JdLuuüJI 



. ôUd JjüOuoJI 

U m = 5 V Qsljuj 3 v-sy^pr uS^Lc .Lbub GBF ^^iâi^juoJI ^jjJI JJ30 oJcuujlÿj E v-sûbj^SJI dJLuüJI lS_Xs j 

. f= 20 kHz 0^3 

■ R v_svjL> gSJI dJJLuüJI dJLiLûjLJuuu sSjJI JJ3JI3 GBF v_sJ^u>o <juu jJ3jJI /xjujIj d-jujLuj ^jOLc <jjIsl) 

^R 3 E QuiuU U j»gSJ I QuSJLuuJI ^jjo JS j 3 5 Lo — 1 

güuuLjuU U I3L0 . V^jü-XjJI d^juüljuü <- _ 5 \JLc QJ Juî> LjuüjoJ I ^^ 3^1 Ojl 9 2 

S" Ldij LjuJÜJ I C LCjuuJ L03 S* R 3 E (^xSJLjuuJ I Ô^-juJÜÜuoJ I d->'3 j0 J I dSZjuJo Lo 3 

R3 E <juu ô^LoJU JLfijDI dlLuà Jj 3 ^ _ 4 

: cl^M> 

d 3 LLJI Jüjj Loj(3 ô^LoJU Jüj O3JU du^uULJajL ôoj^S c L>3jo c Ücuuj\ 3 j oLo3isiX)JI Jjij /yJj 
<^-uJulzJSLD dj>^oJU . CL>3O CxSLU3 t d^jlj^S ôjLjüJ E wl^cLJI v_SVjl3^JI J-saijuJU 

. LpJL|LQji-juUU v-S'jJI Ôuü\jj$SJ\ ôjLuü\JI [JJASÜ CÎjlCIj v-5vjl3-d> c J-juüjjoJI 
jjjulqJ L^jlC dj^jLJI clJUj^SÜI ôjLjjVb Jh^üuuuo s _5\jl3_iî> ^jOLc à^juj^]oûsLOj$S^\ ^L>3oJU 

. ^juuüuJsuajo^JI c^r^joJI oljjüouo 2.2 

■ Jbü03 v_s^mli^iJ iâo JbfcxJ v_s^ cLhuuu^Jl^ ct>3oJI 
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ol_d>b*j\JI §juO^ j LjuUUO v^ 9^3 JjLe3 {^>^1 <ï1ajO kuuü$ ^_s3 ^Ia, juüuJoJlSLOj^SJI oL>^oJI juuJJJlJ 

j-juJJJu ^Ia. AJJu^GÙSLDjÿS*} I O t>£X)J I 019 1 CLaSuU LXajdJ I O I ^jjoSLc . ^JL^^joJ I p*Q lo a a A JI ^jOLc ^jjUlSlS^ÂJ^ 1 

. C=3.10 8 m/s c^zJI CLCj^juu £\jà}\ ^S3 dJUiS 


T OjuJ>X = C.T =— : qàUaJI X/ cL>3joJI J^-Lü qdxr>J3 c f Ld^jju cL^uuu-Li^^ cL>3joJI jjjoJu 


. cL>3joJI 

^AJuUuJsùfiA^iJI ob^^joJI JLo^uujI 3-2 

Q&juuJJ'S Ô^LoJI JLûjul 03 ^ £ l-)L> Ôjjul^ oIsLaJUoJ CL 03 Jbx) />*ÆÜ ôjljujj CU^uULJajLâX) J^SJ I oL> 3 XxJI JjLiü — 

. c3*aJI clcj-aju cu> 3 joJI 

b_X5iüo LpJ Los^jLaju I J szjzj Lo IJlû ^3 j-aSI p3Lujuo cl>^joJI cjs^s LoJS LJ Le cl> 3 joJI oI5 LcJS _ 

J-ûj v_s^3 oL> 3 joJU cuJUdl3 c lLlaaj 3 juoJ I3 < 3 uJaÀiOuoJI ob^jjJI JL*jo Jj 0 s^£iOjüj _ 

. jLcx 3 \JI jjS: 0L03ISJ0JI Jjü ^s 3 Jjo^Ouuu 3 t Ijl> cuJLsdl ob^JI Jb*uo Loi 3 j^I>II oL>3jo 

■ vJVjyLPr jJ&J ijjüOyySU — III 
■ (jjüDwySüJI 4 jJLoX 0 j£j*£> — 1 — 3 

ôuüj <JjO BF cdàÀifcjuO olS( ... t Ôj3£ 03 jZ) £ w JvÜjljuJ3jO )oljLuü[ JjLiü v_S^jJI oLo 3 JbxxJI 

! cuJLJI ^jL^juüMJ §j>Ij ljuî >3 Ol ^Suoj \) oIjLajü\JI ô JlQ} ol \J| c j_V3 

cl>3joJ I J3_b v_à^ü v j Uj O I QJuSio co>3joJ JjLa^juuuoJ I v_sb I3-0J I Ls 2 j I _ 


C 3 10 

. Ij^^I cl>3joJI J 3 W \jiôj jbo\U JjIs^ Iâû 3 X=—=-^- 


3.10 m = 300km 


gjJUSJI ijbJLAjÂJ 



aU 


yjdj^zj 0 quu jjuuojJI ^sJLc j^l 3 jjX Jjlû^juulxxJI Louo Jl> 3Ü <OaÀiOuoJI ob^jjJI Jbtjo _ 

. oULajüjVI 

. ^(3 LajuuoJI J3-b gjo JuoJzj BF oIjLaJj\JI _ 
C£^jujJI 1 < 3 t Jlc Jb*jo i^_s 3 cLo3JLs2joJI Jüj /xju Ol I_)lû!>3 

BF ôjLjuj\JI Jjo^j £ J Le oL c ÜjoL> c o>3jo JLojü-juuI joj JLojuu lSjJI 

. CLuOuJOjO C(j>3j 0 JijJj ^SvJLe 

^ J le ^uuOuJoj uju £ ^LâiOuo oli> ôjLaJu[ JüjJ 

P . ÔjLjJjVI ÔÀ£J 

! wS yx JI 2 — 3 

u (t) = U m C(M ( 2jcft + (p) ! 3Ü u(t) v_sOoI j>JI I 

(V) JoJ^JU g^cjl : U m 
(Hz) ^>dl :f 
■ J-^l -J^e j3JoJI : 9 

■ lÿjüuowXj ^jiuoüoJI jj^LâjoJI 3 — 3 

LpJuuOuuaj jj^uouoJI jj^LûjoJI 3 £ v_svuc> JJ3J ôjLe v_s^ cLLobJI cl>3joJI 

■ CMjl^l J-^l JuX (p j3_hJl3 f ^^jjJl3 U m g_*ju3JI v_s^ 
| M.A g_JUü3JI ^jJlOvÆU _ 

1 iü 

jJ3jJI jjuSü £ cUuOuuOjoJI ôjLJj\JI j+sïj. ^JLobJI cl>3joJI g-*jJ3 

: g_juJ3JI < JjOuZ1joJI 

»(t)=u„(t) C0^(27lft + cp) 

. oLüub f 3 cp Ojul> 
2>^jjJI ^jjüOuJOJ _ 

qjOoZ>joJI j+jSü « ^OjOouûjoJI ôjL*Jj\JI jjS&j. cJLobJI cL>3joJI SjJ 

: 3^ ssjjJ\ 




JL 


= 






ij 


=: 




- 
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u(t) = U„ COÔ [2id (t)t + cp) 

. oLüub Uf-p 3cp vîjuc> 
j^ lo Jl QuuOuZi; _ 

3_& j 3_LJJ QjOuZijoJI jJ>JI >h^2J « cUjcwxoJI ôjLjuVI ciJLobJI cL>£joJI 

u(t) = U m aw(27rft + (p(t)) 

. oLüub f 3 U m 









R 


Modulation d'amplitude 

ÇLjuü^JI vJ JJXniûU I-XjuO _ I 
iSNjüjJfejJI j\jJ^\ 1 — 1 

AD633 cljpdJ oj^uoJI cdoLSuuoJI o^IjJI _ I 

cL>^joJI p(t) = P m COS(27lFp.t) 3 c(j 03 lax)JI /Oeü v_soJI ôjLju\JI s(t) JjüoJ Uü> p(t) 3 S(t) 

. cdLobJI 

. S(t).p(t) clJLo^ 3 S(t)+p(t) gjo^JI cuJLo^ />3ÜJ 

OjojJI g-*jJ3 oIS U(t) cJb <jjo <j^uoJ cIjl^JI cuJLcxC ül <jjo _ 1 

■ u(t)=U m (t)cos(27cFp.t) 

S" CuLosidl ÔJlQ> /XjuüI Lo 

^jvjxjujü cb3-juu culc qx ôjLc v_sv^3 « sI_)l> jb*ûb AD 633 <UjoI£üoJI cLuU^SJI ôjljJI /)3 -ûj — 2 
ôjljJI ^sOLcl Jl>3j 3 jo\ 1 »C cÜû-juu^ Lp-JLc /)ûu t JeuI _^jo cLûLoJ ^jvlc > 93 aJ i BUS cLû 3 jji 5 JJ <Üîj 

. 3 jo\Lc ^_$\^JÛ3 

1 /x 9 ^JI CH 0 LxxjÜI .kul^joJI /ySjj$ t 0^1 cLo\ic O3SU uipj AD 633 AJLolli^JI ôJjJI à>U 

. clcLjüJI vjlSisd jjjülSIsloJI ^snj^ijuoJI v_s ^3 i 8 /xS^JI ^jJ| 

-15V cuJLuü cüÂsüj cüeuj <*_jL2*j sSjJI J>JuoJI t E 2 3 El û\Jj>JuoJI : cuJUI Jeul^joJI >oiSjl 1 _ 2 

. S +15V clc>3jo cuÂs&j sSjJI Jj>JuoJI3 

S" 6 3 4 3 2 JeuljjoJI J ojj <Jl£ 2 _ 2 




: 

bl^wl vjuujLü u s (t) cüb cjJLc. S lÿPr^pjo jü lC JgdA^JI ÿjo AD633 ^JLolSuuoJI ÔjIjJI jiuoj 

. E 2 3 Ei Lo^jJ>Jüo JU£ ^jjjukuoJI U 2 (t)$ Ui(t) v jjûJIjJI cl-X^r gio 
. qJLoISuüoJI ôjJbjjgSil ojIjJU yjplsüj \S&$ wjuwjLüJI gujü k Lu> u s (t)=k. u 2 (t). Ui(t) 

JLjuüjJI yJUOwiâJ jljJ^JI — U 

gLjuü^JI iJjUOyuSÜ jbüj : 1 %S^JjPÜ JoLuUÜ 

! vijuc> cLûl^r vuiSjjJI jj%ùJ 

. s(t)+u 0 jj$j Ei J>JuoJI v_sv 3 GBFi JJ3J0 (J^Jeu * 
cloulüJI vjOLc GBFi q]cuuj\$j jjOÛLjuüUO jJQJ Uo 3 f=100Hz Ld>^^jJ 3 S m = 2V L^S 2 _aju 3 Ajuupr ôjLuj| s(t) 

Uo=3V>U m 

( 1 JSLjôJI ) ôjLuj\JI ^jOLc J uÆ£*û3 1 s(t)+Uo >j>JI Yi Jj>juoJI v_s^s v-V-^JI «a-^U c ojuLuj ^sOLc ,jjUi/ 




















R 


g M 



( Fp>10f ) Fp= 1,2kHz P m =4V q* 2 _juJ 3 p(t) v_syupr >j 9 j GBF 2 cLh-Juu^ t E 2 J>JuoJI v_s^ * 

(2) JSLjuJI ^jOLc /yuuj\ji Y 2 Jj>JuoJI v_s^9 p(t) 

p 00 



(3) JijuüJI vjOLc U s (t) £3jjitJI Jj$j /XjujI j cLjujLuj <jjlaj 


"* w 


4. 



— 1 —I—I ■ ■ ■—I I ■ ■—■ ■ I ■—■ ■ ■ I—■ ■ ■ ■—■ ■ ■ ■—I ■ ■ ■—^ 

Q.S I 15 2 2.5 3 35 

t tfni) 


. £ 3 ^iJI Jül£ U s (t) JJ 3 JI _ 1 

. S(t) cU)3laxJI /y^ü v_sv-aJI ôjLju\JI gjo U s (t) üjls _ 2 

S* QjOuZijoJI jJ3jJI L03 S* JjobJI JJ3JI Lo _ 5 
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g-uJ^JI vJOmOUO jJ$J t eljpJU QJJouoJI cUolSuuoJI OjljJI ^jSU> JUC J«fl.>jpjl 

CM 

■ JobJI jJ£jJI (JSJOuuüü l5jJlj L^JbJI ÜjjJI li jJjJI gjuJ£ (jAÂ^üoJI yJOyiâJ 

2-1 

3 >î3^U ôjjoj^uuuoJI cuSjjoJI Uo ol gjo s(t)+Uo IojJ < cJjoISjjoJI ôjIaJLI Ei J>_loJI jülc 

. S(t) = S m COS(27Cf s t) 
p(t)=P m cos(27iF P t) : 3 ^ E 2 J>juoJI jülc ^JoxJI JJ 3 JI 3 
u s (t)=k.p(t).[s(t)+U 0 ] > 3^1 LjjJ S e^^oJI julc 
u s (t) = kxP m x(s(t) + U 0 ).aw(27uFpt) 

ûls U (t) = U m .aw(27CFpt) : 3 ^ g-*jJ3JI <j J °^ Cb0 >olaJI >H^JI ol 

U m (0 = kxP m x(s(t) + U 0 ) 

b = u 0 s a = k x P m s^ü 

gjuJ3JI Um(t) 3 ■ S(t) [Jjo^OjqJI 'jjQjJJ e u . pj ~b oj l.i ij-C ôjLc lSI U m — aX^s(t) + b^ ! g_u03*!I 

S(t) ol^xâj Jusj cül lSI <jjcOojoJI 

. <> 0*00 >!£) 4Jl^ 3—1 

^jjoo^boJI §_juü 3 -II ^Uü^u s(t) = S m ccw(27cf s t) ! *_ 5 \JLjJI JSLjllJI ^_$OLc ^juul> q} I^ ^jcOqjoJI ^ 03 -^I ^I j+î&j 


"s ' 


U m (t) = k.P m x(S m «w(2îtf s t) + U 0 ) => U m (t) = k.P m .U 0 -f ««(2jtf,t)+l 


3 nS 

\ 



vUoy 


: v_sJLJI Ji+uJI l _sJLc q 3 \lsJI gu.^o .9 < m = — 1 — 3 A = k.P m .U 0 : g^>j 

Uo 

U - (t) = A(m«.(2ltf,t)+l) 

le taux de modulation o^xx^aJI Ahuuü m v_5\jOs_ajUÜ 

^jjJ jjS&J QjOuZXoJI Ol ^juuÜl) ClS\JLsdl J\L> QjO 

! QuÛuOul9 

U„=A(m + l) 3 U mmin =A(-m + l) 

«Ü\taJU U m m in 3 U m max Al\Jjj Ort-°-àdl 4^*0 o-£ 

: AJbJI 
U -U 

_ m max _ m mut 


m 


U + U 

m max m mm 


: ■ ojuJsü 

S* 3 Ji+ùJI l_Sx 9 JjûOüoJI i^JX*ZXoJI 2 ) QjxjS Lo 

1 


f - 


= 430Hz 


2,3.10” 3 

îv/div ' rO _ ojI^JI cl^ojLajlsJI ■ ■ looi a jrv. 1/0XJI ^ajujü v. a juül2>I 2 


|-j-j _ Um max Um mm _ ^^ _0 5 

"u +U . _ 3 + 1 _ ' 

m max m mut 


gjuowâJI 0 ^ 3 ^ 4—1 

. gjuJjJU Jbpr <JjüO*OJ UgdAoJI Joj^jüü ! 2 JoLmjuJI 
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jjQjJl c LjûoLjuüJI jl^Ljuüj . Uo<S m o^SL> 


S m 3 Uo ]guu£l>$ ,JyLuuJI v_SvjIj>^JI iôiSü^û 

4 Ji^JI . u s (t) 



^jOLc guuaSJI jj Jeu v-V-^JI /xjujIjJ Y J>JuoJU U s (t) qjLzijoJI I 3 X Jj>JjoJU <jjxzijoJI jj^jJI iojjj 
. clJLc JuZI^joJI (L 5 yjü_XjJI j&uujjl] 6 J^LaJüJI^ 5 jS^uJI Jjuoj . XV />UaJI 




















































































































R 



S" JcJbJI ôÀà usvà Sr^sJI Û^H 0 ^ J^ ■ S(t) ôjLJjVI gjo U s (t) jJ^JI ^\Lc üjls _ 1 

2 

S* vJ^pduO CLljuU JijJj 

. Uo>S m CjuS> S m 3 Uo JojüJO _XS^ CUjJfcJI Ju^j _ 3 
. dLI^ Jlc ? JUJ> cJbJI Ô-Ld) V_sv3 S-AUU^JI Quuo^cü Jjfc 1 _ 3 

J^juO CLljuJ JijuJ lS 3 V_sy3jjü /XjuUj ^jOLc J3-Zi>JI j^jJO _V$b 2 _ 3 

. XY /jUôjJI ^.svJLc v-V-4JI 

ûl { JJQ ^J^àszj c ^^pduoJI CLiljJj CLfiJ>b JLosiii-Jujlj ■ f s 3 Fp <JJ^.V>jJI />uS J+âjS Uo>S m V iÔLÂj^Û — 4 

■ fs ch 0 Fp ül 5 li>| cuJLc ô^> li> O3S3 g-Juu3JI ,juuoJdi 

: cl^M> 

USJU15 üSÂj v3 i pÙoJI QjljjJ < \SUjJd Jj^ijuUU JU> gjuJj ijJüOyuSU i5sJLc U gx g L ^JI ÿJO JlSLiJU 

. V-^JÜJüJI ^OuujIjJ X J^JüoJU s(t) y >Q^fl ÜoJI jJ^jJI JûJj — 
■ Y J>JüoJU U s (t) iJXyÂoJI J OJj — 

■ ( XY ) V^JüJüJI JXjjJ I jJ euuULSJI CÜU! — 

■ uJÜJüJI JXjjJ IJ CLajjLuJ ijslC v3^SjüO 4juuü Jiuûj i^sJÜZ- JdA^j3 

: RjuüqJU JU> t'uüQyJOü I^slc J<WX.>JI JgQjuuU 

: ùl um ôJLo 6 ^ 5 ^ sSi gLjuü^JU iJjuoj i^sJLc Ü 3 A>JU 
m< 1 Ù 5 & yjuowiâJI ^juuuü ùl iSl ( Uo>S m ) S m ijjo jjS I Uo >^ 5 ^^ — 

S < U n => ■^ SL < 1 => m < 1 

U 

u o 

J3l)l v_$JLc. ( Fp>>f s ) f s ûj x *o m J\ vJjo jjuSj jj&\ Fp JjobJI jJ$j ïïjj 0$£j 

. Fp>10f s 

Démodulation . <>üx^üJI oJljj - II 
RC obcjuJjjoJI — 1 
4 JoLüuüJI 

1 cuslüoJI 

(2) JijuuJ^ v-_svjl^jjI ^jvl^ RC ) (1) JijujJI V_sv9 QuJLîlXXjoJI jS*ûJ 
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3 culSsJÜ R p = lk£2 üLx^l û\L^ 3 jo 3 ^^iâiiiJuoJI ^V>jJU JJ 3 J 0 <jjo QUÛ 9 SJ 0 JI 3 ( LSjl 3 jJI i^sdLc RC ) 

. ^pj^Lo JOJjjü VS-^1^3 v_V-jjujüJI < ^_jujIj3 C=5|jF c LlS2_juJ L_ûjSj 03 R — lOOi^l 

. OuLi U m =100V Qsljuj^ v_syuy> JJ 3 J uS^-C AJ 3 J 0 JI Jûjuucl) 



jJ 3 jJ U ms g_juü 3 JI v-V-LJI c l1q-jujI 3 J jjjuulÜJ ô^jo JS <* 3^3 1kHz ^_sJJ 10HZ cUxjlüJI <jjo f ^V)jJI jjSù 

■ JSJ ^jljuOjJIj U s (t) g3 >s*J I 

RC v^juSjjJL) I (3) I lSS I i^jOLc J^l^âs f ^U\iju Ums §_aju3-II oI^asj JJuoj 

. LSjl 3 jJI ^sJLc RC I ^ 3313 J (4) 3 v_svj I^JI oOLc 



RC OcuUI ssulu RC OajàJI jJLü 


L^JI^JLioJI t-Sjl^JLoJI 


f 

(Hz) 


■ qJLsdl olüjjJI JulC Um$ gjuJ^JI ^Lo^d t l _j^xJ CL*_mOjJlj ^Jc>_ 1 

S.SOÜI oJU^UI ôJjJI (filtre passe-bas) CLZlÀifcjjoJI oIS oljLuj\JI jjJOJO 2-juJjjO v_S^JOs-juJÜ _ 2 

cUUdl oIS oljLiiVI J ^ 0 ^ 0 v-S'jOoujü . c Lz3-Q-^ijuO oIS oljLujj j3>joj £ucxjuüj 

. cuJLc ol^^jJ ois oljLujJ ^3 ^joj gjoouuü v_soJI cluUj^SJI ôJjJI (filtrG p3SS6 - h3ut) 
v-jJoüJI lis Lu t cLJaÀifcjjoJI ol^jjJU jjjouoJI ^l—aJu^-oJ I ^3^ <*_jlsÜj lSjJI RC ^jJclqJI O'jLu ^^JLc 'JSjSÜ 

. cuJLdl ob^_>dJ jjjosjoJI ^uuüjjoJI j3-^ s^SJI RC 

3 

. dJjl3^ JJLc ? dJJIju />3 -ûj 

ôMâJI «JljujIS : 2 oJ^LuoJI 

ôjLuj\JI <*3\Lc ^AjujS J Lcxsii-juj I u s (t) clucOojoJI ôjLuuSJI 00JI CL03I&J0JI ôjLujSJI ^.svJLc Ü3jzij^JLI 

<>C ÔjLlC 3Ü3 v_SvjL^SJI u^>âJI IJl^J û^OüJûjJI ^JljL cul^sdl ÔJlû> ^svjo^juüü £ cLuLzloJI 





















































































■ RC àjjlÿJjo ôjl^3 v_SVjLâJ />Lo ^5 <JjO Û^SuO v_S^ljj 

\Lzi^jo t U e (t) g-*Jü_9JI yjjy^xo I jj$j Iâû> Jj>Juo v_svS 

. sljC*JU ôjJ^JuoJI pJLoliuO ôjb CLLlajüI 3J 
JJ3J3 U e (t) J3>_)JI JJ3J v-V-^l /XjujIj 4 Jq-juj I3J <jjLl/ 

c i1q-juJ I3J i^L^joJI O+jjjjjJl ^JjjCXjuüjJ I 5 JiLuj J 1 jJjuOJ . u s (t) 

. ^JUUL> ôjljUjj 

v_sUbüo ô^jûlsj lSjJI 3 DEL v_s^LuJI ^oLou^JI l_ 9 j-^üj uq_aS_ 1 

CLubj-^S 6 j\$ 

jjj b Lo . U e (t) qjOoÎojoJI >^3jJI <*-9 \Lc 3 U s (t) ij+J ûjl 9 — 2 
S" u e (t) ôjLuj\JI i^^OLc \jj\jjÿS ^JLuoJI LcxjzxJ 
CLlÀji^J /Xju u e (t) QJXJOjoJI >J3jJI C^\Lc CjljujlS ül jJjO _ 3 
3 JjobJI > 3^1 j 3^ Tp cLuC> t T p « R 1 C 1 < T s ûl 5 N t ôJuj> 

. cLuOwÜûjoJ I ÔjLjuj\JI j3-^ T s 

: 

: Jüpr v3\lc i-Q-juülS i_$0Lc JgA>JI J 

b v3U*JI vÂjJjIS Ôjb l$v 3 Ùjiu ùl — 



OjLuj\)l JiuüJ iJéjuül^I <UÀjjj g juJg 6ol>3 a0J 

CM 

■ fli flj I 

,^ÂM X = RC yjOjJI <UjÜ Cjjl£ làj ljLO> 

: cuJUI cise^rljjùoJI 

Tp « ^ < T s => f s < — « F p 

X 

. àjjxAoJl OjLuj\)l T s 3 JjobJI ^3^ T P 




u;a) 


■ SLJUJ3JI yjjux&j oJI j\ jbüj : 3 CÜ3LÜ0JI 

■ R2C2 v_5^jLu ,^9jLjuuJI yJusÆÛ 

£3^ji*JI JJ3J3 U e (t) J3^jJI jj$j /xjujIj °lLljuüI3j <jjlaj 

■ U's(t) 

çSjJI j3 jJI Lo T Jjojü^juuoJI R2C2 v-SvjLu >0uuüI Lo _ 1 

cu^lJI ÔJlû> V_sv 3 R2C2 SjJoüJI v_S^Lui c UaJL 
g_*jü3JI <juuo«àj cJljJ cuJLo^C J*>I>o 'Jihszjo _ I _ 2 


rr 


7 













































R 




: «syslb* 

: UCU gLjuJ^JI iJJOyriOO ^JÜXuflÜ - 

|JL& ùjiüj £ 4«£lft£ttJüoJI Ob^jjJU ^UÜJ^JO 3 joloy^ CLbjujl3J JXyiâJoJI ^|JI v3^C VÂmaS 

■ Tp <^cT — RC<T s ilo juuüJI iJ^slzu bj Ijupr LfijuiSJI 


■ CLJÜJI üb^ jjJU ^UuJ jdO ^ÜSUuJI 3 J jJ 3 jJLI ûjJ OûÙu UUoJI ^USjJoJI v3JL> . 

. J^ljjoJI ôJlû^ <juuü cijLuJ /^ujl — V 

■ g lJUÜgJ 1 gJUOwâjÜ uSNX-bl VJÜ JjJLuuUU jl{> jbjj . III 
passe - bande cüdajuoJU j>oüo £uuü>o : LC CUJI 3 JÜ 0 JI ôjIjJI _ 1 

fLû c \j^jJQ c \SIjluuJ^ C= 10 |JF c üLg-Ajü ^-QJlSuO QjO LJ^SuU V-SjJI^ c LiljL> v_5^jbj-gSJI I j^ûJ 



- v-S^I JuZM)j03 L= 1 H v_sOljJI JjoI^jO <*JÜSuoJI 

. R= lkfl qjuc^lajo 

. Gü U IV QSLjuJ$ L-SS> IAJ3JO ,J^lLl> 
u e c Üq-jujI 3J < jjuuJij ùjjq JS v_s^3 t GBF JJ3J0J f ^.V>jJI jjSù 

. U s (t) £3jjiJI >J3jJ U ms g_*jJ3JI /xjuuIj 

U ms JjuOuoJI ^SVjl^juoJI iliÜ3 J3-)L> V_sv 3 guUI O3JÛ 

— . ctubr JSLjJjJI ^jOLc JuZi^jkS É f cJ\Jju 

. J^oj^oJI f cJ\Jju U ms ^SVjl^juO KSLÆ 1 

CliiJajuOsJU b>OoO L%_juJjjO LC CUjl3ixJI ôJjJI ^SVjO^juUÜ liloJ JJb _ 2 


(jSoj L&S ■ fg - 


27üVlC 


gjo cUjlS ^oj é Ums §-*-P3^ c LOyLüJU ^3SI3 joJI ^.^jJI LuLuuo _ 3 


. fo <jjlSx> ol 3 ôjLujJ clajul 
. OJLhjüoJI jjJXO QlmJjÆ Jlfijuûjl IjLuO — 2 

cucli>\JI oüa^joJI IgJLuujJ v_svUI oL>3joJU JjLa^juuuo v_svjI3£j LC ëUjl3juoJI ôJjJI huj JulC 

^.v>jJI (juu ,J^33jJI />jJL ô_\j>l3 cJoj^jo 3I Jl>I 3 JLuüJ clajü\J3 . v_svjl3-gJI l-Ldi jj$j Lujuu t 

Jl JjoLs2x> iiju-oj SUi> j^s t clL>joJI qjo cLisijuuoJI cl>3joJI LC cujl3juoJI ôjIjJLI fo ^bJI 

. C <JlSuoJI cis-aju 3I L v_soIâJI 
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0, 



■ JSÜUUÜU J JjLftjUAM jlÿPf — 3 

CISLa-juJ^ JjO^jLjuUU^ J LlÂjLjuj\JJ 1 jJ^jO L J^ J LjuüJ I v_5^J L I ^JuS jjJ I v_5N*9 

. QjjOoiajJI pJljj ôjl^3 Lod^ajo L uSjj ^âjuiaj . JajuJaJU Jjl9 L v_sOIâJI LJjoIsjo 
■ s5v^li>! CLu L_S^-C J^oAi L v_SVjIâJI ^yiu^pfcjJI JjoL^jO jjSL>S ô\Lcl v_SV^><tjJI v_Svjlj>^JI 

. UUlLaJu î i U4 i U3 é U2 t Ul V-V-^JI ^Oouülj ^lLljuUI 3J jjjlsD 

ci^uuo5 o^ouoJI ob^>JI Jbfcjo lo . circuit d'accord ^I^JI àjs LC cujls^oJI ôJjJI ^JVjOs-juUÜ — 1 

T ÔjljJI ôÀûi CÜOJJJI^J 

. LgJ,^ Lftjiaj v_j^I 3 AkL>\LoJI oI_>j£JI l jjj Ojlâ _ 2 

IgjuuOwA) <Ulj| J*9 IgjQyCfaiflü v-csy IjJ ljL»r 4À*A«0 1 SVJI 54 JI IgJsüub v^vjJI Ol»JI Ù 9 & 

: IjluoJI 



! ^jjo AM J^aJûuüloJ I O^SLaj 

. 3Jil_>JI oL>3jO loO jlL v_svj|<^d> — 
. lg-»3 vS^-^ 0 ^ cÜà^uoJI i_5^ûjüü LCv_JaS v_SVJ C Lj _ 

î L _S\JiiJuoJI <jjxJojoJI jj^JI pà*LGü 0 _ 

v^Usdl L^LjujIS ôjl^ QjO ^ 3 ^° v_S^^3 4 c OjOwuQjoJI ÔjLjuj\JI ^L>jjLjuJU ^UOouüJ 0_ajü3- ^Uljj ôjl^ _ 

. qJLsdl ob^jjJLJ jjjsjà Qjujjjqs 
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R-JUJ<JI i UUQyJflÜ i iJiLpJ 



us(V) 



:1 

V_S \3 ^JjüOuoJI Uo Ô_^jOuLjuJUO ^_S^JU^ Çj(t) jjulSZJ 

! cLub* JIjuüJI 
! LuLxajO Q-a-C _ 1 

cU^jjoJU jJ$ïl I3 U(t) jJ^JU U m JJ3JI3 T j3 jJI 

. Uo ÔjjOÙÜuüjoJI 

. g(t) jjQjJl jjukS& v^jûîSI_2 

2 

! v»_S^J LjJ I JJLajjJ I ^sJLc ÙjjlxSD S-JUÜ^JI j^jjCXJûjO U s (t) ^ 3 ^ 

u s (t) = (S m c«u) ( 2îtf .t ) + U 0 ) caà ( 2.7Ü.F. t ) 

; <jjojJI cJ\Jju Us(t) oljjkâj cluL> JiL^uJI Jjuoj 

! LjLxajO _ 1 

3 F cdLobJI cl>3joJI 3 cdLobJI ci>3joJI _ I 

.f c IjuOuZXoJ ! ôjbuj\JI 
■ U s ( m jn) 3 Us (max) — V 

jj$j g-^3 S m cJ\JJ j Us( m in) 3 Us(max) -^>3! - 2 

. ^3^11 0jjoûLjuuloJ I Uo 3 I ôjLaJj\JI 

3 U s (max) jjuuOoÂajJI QuljujJ rïl jjuSÜ ^-jûî^I _ 3 

. ITI . Us( m in) 

^ÛjJo <J j > j 33j ^jOLc jÇ loi v_5NjJ| obv>jJI ^Jt-JUUL>I _ 4 
. cl^ojoJI cl>3joJU ob^jjJI 
(jjjOüJOjJ I <U lj| 3 ÿJ^jOJ 

V_SSjLu /)Lx^ <JjO 3J^I>II QuuOouaJI cUlj! ôjb Ü$SuU 


oL>3joJI Jq_juü3juo . C= 10 nF cUsljuu uo 3 R CLÔ03UJ0 v-Svjc^I qjo Ü3SU0 RC <J)\Lc <s_ô_ jJjlSg 



164 kHz Id^jJ oü>3X) 3^ \j}\ oL>3jo JjLa^-juuuo ksüb$ lkHZ3_& cLÜ3^JI 

■ QjO^J I (jbC jjCS2J RC 5 1 Jl^J I OI QjJ 1 

R cuxj3 t cuJUI 0L03LQJ0JI { juj jjjo _ 2 

. ôjuj> ô^> oli <^ 3 -^ oL> 3 jo ^svJLc 

200kf2,20kf2 lk£l, 100 £1 

4 

. cLub* JJucxjoJI QuuOoiajJI ^juSjj jb*j| /xj v_sx3 

sa 

.J.obJls Jl c Lb>\ijo cUuo b&JLgJI 

CLaJUI oLajl 2 %juoJI j^jOLc LJLzi^S ^ 3 -*-^^' Ub^jLjuul JQJ ^JJjj 3 jJI Ld) CLul^xJ 



\±& v_S^S c Uj 0 ^jLajüLoJ CIaSjjoJ I ^CX_juuI JdCÎ _ 1 

cluIsjoJ Y 3 X quJL>jjoJI cuLlJI ^sOLc _ 2 

sa 

. JjobJI 3 qjo^ooJI ,jjjJ3jJI 

(^UuuLjuüI3 j 3^ bjLuuo _ 3 

. dJjl3J> JJLc . lo^JSLiu^) 
S" Uq jJQjJJ Û'JjOÛLjuULoJ I CUXj3 Lo _ 4 
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5 

. bxd>sljc*J ôjj'&Juo cLuU j$S ôjl^3 Quuuupr JLo^jüujU QuuOoiajJI 6j\s 

p(t ) = 4.cos(2;r.2000/ L ) 3 u(t ) = 0,5.cos(2;r.l000 vjn+j^ >h^j s s^sû - 1 

S44 

( qjxJqjoJ^ JjobJI ) jj$j J5 àsuAz \j+£- 1—1 

ôJ lûÜ s(t) £ûUI jJ3jJI V^jûiSI é Uo=l,5V JJ3-4 J ÔjjOJLjuUUO jJjOuÛûjoJI <*-Ûju£U 2 1 

. ctslz)\JI 

Jl> 3I . S(t) 3 JjobJI <jjjj 3 -^ cI_)l> go V'-^Llû U s (t) Ijj 3 j JûC clJ l^JLI ôjj^JuoJI ôjIjJI uslaaj _ 2 

. k V^jljuüLuJI ^JjoLso Ol LoJLc U s (t) tljL^JU v_S n ^_>C^JI jjulS 2 jJI 
. ^JulC /XJ U s (t) J Oj 3 ^oJ 1 c Lajl ; aJ^ i ÜI3JJI i<V LjuuJ I ^jjO ^ÜjuLajuI 3 

. cuiliJuoJI ^/b>C b^3o '-ûj-b Jjuo _ 4 

ôJuo 10ms jjüsijJ . qjo/JI cU\iju QjOuZàoJI JjobJI oI^aSj oLuuoJI ^jjülqj j^jlc _5 

. ch 0 ^! l_s^Lc 

(jdULfiJ <w $lc Ch 0 ôJulôJI Lo . U s (t) 3 s(t) ^JjO <- _ 5 \jl>i 1 uO O^Ljüj OLuuO J^jlc JjiuO _ 6 

T üLuoJI 

O^LajuuoJI Lo ô^lkJI /xjuj! Lo S" Uo JJ3-LLI û jjoûLajuuoJI c IjlSjjoJI vUc U s (t) <- 5 \Jl^i 1 uo O^Ljûj Lo_ ~7 

T JL|Laji-juü\)l JulC v 1 >Jc*j v_SjJI 
. <JD\LâJLI ^ô_*jjlS3 LC ô^Ijljuj 6j\$ ^jo JLàx^AJI jLgj> 03SLU _ 8 
. 6 F v_sl^j i ^sijLjjj^J yjàüy>Li]\ Jjolao /xj ô^IjuuJI ôjIjJI Jjuo _ I 

. ^ûiSuoJI ^LsLjuüJ juJjSU CJjOul 9 p* y j3 1 JOJ ( ^9\isdl ljLjuüIS ôjl^ ) QjuOouQjJ I cJljJ ùj\* JjuO _ V-J 

. R=1KQ 










































































































\JJ&j 


. isJscdJI £jImjuJI o^züji _ cuIscüJI às.jMjJ\ àjçsKjji _ I 




v_sv 3 ^_jJLo p^xJ> Ü3SL 1 __5 \juO ! ci^^ïJI * 

a puuUL^Jll ^JLsiu lSI ^juuuUÜ v_s\JÎ> v_jJLzJI /x_juUC*JI 

. ci^pdl ôJ lûü cl^jJ ^^>1 v_S_\JI 

JJÜSL)$ v_SV ^>>0 /X-juJU> jliOÜ ol UÛU Lo /X.juUL> CLjuuljjJ 

. i$v»rjjoJI /xjujl^Jü Q^JcLjJjjo UJO^I jxLu>$ çLsuÜJ 

g^o^X) jj^ju LoJuoC ôS>y> ^3 ^jJLzj /x_juuu> Ü3SL t v_s^s^jjo /^juul> v_sv 9 

QjojJI J\L> oJoàj 

^sJLc Lo v_SV^>jjO /XjuUL> v_S ^9 vLL^) /XjuJL> Cl 5 ^> <^juülj^ v_SvS j^ÜlSÜ * 

. CUJto^VI ^ 9 _>S 2 X) (JjO LlàSuoJ v-SNjJls G jSjJ* 

. gLuiO^JoJ I ^{p&ÜD cJcLjuU I $J vJL^> /XjuUI> (JjO jJ^liuO c ÜqJÜ /xI&jOJ * 

ol Ojupfcj OG ! cL^OjoJU IgjOvIax)j(S) /XjuüL^JI ^3^ ^>> ^Luo 

: v_s^ 31 ( 0 , i , j,k) />JâjuouoJl 3 juol^uoJI /xis^xJI v_s^ L^jLjIjl>| 

OG(Y) = x(Y)z + y(0 j + z(0^ 

o^ii ^jojJI J\L> G clLiüJI IgJiOJjü v_soJI c^LüuoJI g^jo^^o 

. cilaüJI ôJlû^ jLaaJUO 
<UJâadUI OX>juuJI OgJfüd — 2 

: uu jai — I 

g-b^joG^) 3 ti clLi^JUI JuoC J^üoJI j3-£i9 jSjjo g-^3x> G(ti) 

j£*ÆSl}\ jSjJZ G(ts) 3 t2 CLbl^JUI _Ll£ vlLpOuoJU J3-Z1QJI jSjjO 

t2 clLi^JUI jü-c clcj-juuJI qjjzüjz <3jsl) t t 3 =t 1 +At cdô^JUI _Ll£ 


: cuJUI c^\bdlj 


v(f 2 ) = 


G(r 3 )G(^) 


?3 


Af 


; olooUjJI >_sv9 JLjj <ü\Lc v^Jaj 

G(t l )G(t 3 ) = G{t l )0 + 0G(t 3 ) = 0G(t 3 )-0G(t l ) = A0G(t 2 ) 


v(t 2 ) = 


A OG(t 2 ) 


At 


1 v_ 5 sJL*JI JA^ûüJI (^jOLc ôjLûi jx&szj ol 


vit) 


A OG(t) 


At 


<Jà_)b ùjo O^Su tj tUàaJUI ül <UL> v_s\S Jjcxai^ujij ^j^iioUI àJujhiRj t _j\jOouuü ciiü>JaJI ùAâ) 

• O ^-?-!^ 0 tj-i 3 tj+i 


< , dOG < .... . A OG(t) * 

'. ùl tSl At —> 0 LoJulC - j_sJ3\JI c Lo.ï.».i.i.oJI Ü33J - ùl LyioUj 


dt 


At 





















































R 


dOG 


v G =-= lim 


A OG 


dt 


a*—» o Ar 


; ClgjuuuJI OljjüDüD 

^jo^juO v_sv3 cL^>^j03 clLüjJI ô_Lq} jLuuuoJ cLajjIojo cUul&o Q^xsü ^s3 cic^juuJI Q^szlLq O^J 
clLiÜjJI ô_Lq> jLuuuo %jo ^jLLlôo clc^juuJI QjszJjz ôbdl ^jQuJiijuuuo à<>y> cJL> ^3 

rn/s olJ03JU v_sJIszJI >oLbuJI v-s^ clc^ajuJI ôjl>3 
. cUuüljjJI Qu 3 /yjj lS jJI v-S^^r^oJI /)ouuc*JIj clc^juüJI 4 ^ju 0 Z c ÜOy Ü jQ 
i nSVj jl5ü^ joJLgJO inSVS <IC>juuJI CLfpttJÜO OLuljl^l — W 

; v_s^ cuiii^JUI cLCj-juuJI oLuIaj>J ( />J^o ) 3 l( 0 ,i,j,k) /xküuOuc >3 Juol^ûo />J^o V_sv 3 


OG = x G ï + y G j + z G k 


(t)= 


dOG dx, 


G 


dy g 


dz, 


dt 


dt 


i + — j + — k = v x i + v j + v z k = x G i + ÿ G j+ Zck 


dt 


dt 


Z i nSNjüjJÜ ijJjJOJ 

: yjjJjjZzjj />3_Qj CLul3-û> ôJuQjuO ^sOLc v_süli> à<>y> CLjuuljjJ 

<JjO v_svj I jj I JjobJI . ^_SvJÎS\J I ^3ji-JuUUoJll CLljuUlJIj OC — 20 ° CU3I jj Ô-LÎQjuoJI JjuOJ ^J 3 \JI CUjJ^ljJI 

CU3LUULÔ03 clJLjüo cujuoj 2>Juo J\L> G Ùj^jÆS Jj^juuÜ 3 CLuJu cLC^juj Ü3JU ÔJlJojuoJI ^svJLcl 

. (I) J-h^juoJI Juzi^s T = 40 ms 

Jl>I vluL> ^Ijüuo\JI JjIs v_svjIâJI Jjobdl J cujj$ v_svü^l Lg-S^3 ôJuzUuoJI _Xx&j ! cujUI 

ôj 3 jZi 3 j^>o J^uuuü . cLûjjJoj ôjj%J3 s^JljJI JjobdU JojJ^jjo ^ 9 jJûJI 3 CjuÜ Jjob*u Cjuuîjo QuSjio 

. (v) Ja> juuüJI ^Ir- . T ~ 40 ms cl^LaLô^ cuJLlo ^u^oj a_lo J\b> G 



fr. «1 


* 

»*- 4 ; ■ i- • d 

fini 

rwmj» 

GU 
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É ■ 






Mà . 











ici» 
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... ; 



CT ci^ 





rrifî^i 
















. 7 *h 


<*■ 


*4 

fri * 


fr* 
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tt* * 







j> 

cfc 





ï4 

la «R* 





































j.—j-., 





Z jLdJüljujI 

v_S^J I <- _5 V-Lc Jjobdl jQj&& G ljL£j_JuJ V4 3 ^2 JjC-ÏIjulIIJ JSJ ^LjLJUüjJ U V^a-ajUL^I _ 1 

. G4 3 G2 I 



U Lxaji-juü U ^4 3 ^2 QuûL^JftijuoJ I 1 J-aJ>ijuüJ <- _5\JLc JjuO _ 2 

Cl^ilôoJI JuC^juUÜ QJO G 3 V_sv3 Jji-Q . /)J\Lo /xJLuU 

. (v 4 -v 2 ) 


• ^^ÜSL^JU ^jljgUüJI <^fUA — 3 

yjujAi — I 

v(t 3 ) 3 ti cUd^JUI ^ v(?j) 0^41 

d G {t 2 ) £jLujüJI <^pjejuo t_ 9 _>saj t 3 —t l + At «UjtsJUI 


â G (t 2 ) 


: qJLJI qsUsdU 

v(^ 3 )-v(ï 2 ) AiJ ( ? 2 ) 


^3 ^2 
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â(t) ■■ 


Av(0 


A t 


• tj-i 3 ti+i (jj. 

ùl Cj^szj a. 


'. v_S^Û> t ClJàsJ (_Sn 3 gjLuUüJI >_iuAj ^olc CI.O..A) 

j 6 _>Jo3jo tj cüàsJUI ùl cÜL> v.S'S ci9\laJI ôÀ£> Jj&æùuul/ 
g( 0 gjLuuüJI 3^d jIaÜjoJI c $s*d A t ^sv^Lli LoJuùC 



( Av r ^ 

ClV r 

a r (t) — lim 

G 

(r 

G Aï—>0 

i*o 

< 

dt 


. rn/s oIjo^JU v_sv^oJL süI v_sv 9 gjLuuûJI ôjl >3 

. <OujljjJI CUS /xju sSjJI v_SV^>>X)JI /^juUC*JL ^jLuüjJI CLpj^ljuO ^l^jü ! 


LüjO ^oJLjuU J Lo^jLjuU U L^JLü03 . â 3 CL^ÜoJi ^LQjLjuuJI I CLjuüljjJU CLa-ajüuJLj VljuüL > 1 _ 3 

pjLuUüJI Qjf^cLo OUIJL^I — w 

\3t(OJ,j,k) v_sOj5Lo /)J^o v_sv5 gjLuajJI cLpj^juo oLuIjl>| * 


.. / x dv r dv r - <iv -, dv 7 - d 2 x r - d 2 y r -r <i 2 Z r r ••- •• -t .. r 

a r (n = — - = —-z + —- 1 +— z -k =—^z + —^ z+~ — £-k=xi + y J + Z k 
Gy ’ dt dt dt dt dt 2 dt Q G dt 2 


: ol)L> 

£Uu£Ü 31 JO /XjuUL^IJ JojÜjjO v_SVJjl5Lo /xlax) v_S^3 (O, i , j ) ^3jljuUU0 ^sOLc /)ÛU G Cl5^> CjÛ 15 ISj 


\ v sJLJ5 ois\LsJ 

OG = 

V G =V 

xz + yj,v G = xi 

~+yj ,d G = xï + ÿ] 

^v 2 +v 2 ,a G 

^ a l +a y 


: v-sJLJl^ v_sv^ ol9\lsdl ûl9 (0,i ) j 3 ^^joJI ,333 joJJ cUjouJîOuu^ <téjs> G ô£y> Cjû 15 li>| 


OG - xi , v r = xi , 5 r 


: XZ 



■ I hSVjJ>3 ijjjLuj! iflSVS P jLuUüJI LuüIjl^I * 

: ^SNjiJ >3 t jjjLujU ULFjAJ 

.LbJjjO JoLû-juüMJ (JjüLjuüI 3 ^ ^jjüLjuüI 

■ 

/xJâJuooo 3 Juol^uo /xlao (M,u,n) /ylsio 

<ÔuL> i ClLüJI £^30 gjo <lJL^I vj^stüj 

i^3 cL^> 3 j 03 jLuuuoJU cLajjLojO W cu_Xj>I3JI 

i/ gjo ôJuol^Lo H <^_^iôo 3 £ ^sofcjuo 

. jLùùuoJI slodl cLgj> 3 j 03 

£ v_S^âj>9 ^jüLjujI <^5^5 p j LjuüliJ I CLp-^jüo 

! v»sJljJl5 CU3i_ J uUU0 QjljuULiJIj 

: ùl 


M g*b3xxJI v_s ^9 jLùuuoJI cL>ül ^Uz-aJu 3^ P ùl 


S> 4- 

II 

ol Cjuû^J 

ol 

II 

^ ^70 


a G = a T .u + .ft 


jLouoJI ^jLuUûJI CLp-^lôO 


v_SVjoJûjuoJ I p j LajULiJ I 




: ci5^JI ^juLb JuJL^ii LJ O'^r! K 3 


v ts a v_ 5 ^joJLjuuJI cIjoJI J\b> <jjo ; cLbo^JLo 

5.v =^.v.cos(5, v) 

a = (â,v) cu 3 \^ a.v , 1 ^-ji ôjLil , 3 !^ 
iuLUo Osii â.v<0 

CLCjLuuùuO AS>aJI ùsii Û-V > 0 

. ctoJiüJuo ^uo^iLùjULO ù^ii — 0 
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\JJ&j ^>*>1,93 — II 

. cu^jlàJI 05ÜJI _ <uJ>IjJI 09ÜJI — 1 

jjSI 3I J0I3 CH° v_SV^3 CLjuU3jJüoJI CLC3jCX>joJ I ^-jSSU cbS+jlSuuO CLjuüIjJu />LûJU 

c bJL>l^ <*333 ^sJI Lpjb3SuO <JuU Cl+S+j ISuuoJ I ol^jüLJb àj^jSLûJl US3ÜJI ^SLjÛ^XjJ gjOouUU 

\J ^Ljul^I <jjo cLC3joj^uoJI ^sJLc cüL|lLjoJI cuS+jlS+^oJI oIjjuUI JS v_s^ cLprjbJI Ô3ÜJI 
CLC3 XX>joJU CUxUjuoJI /)LuUL>\)I <JjO CÜÎjlLuJI CUS+jlS+xJI oIjjuUI v_SVJ^ CtJb>ljJI «^_S3 _qJI 

cÜ3j^o ^3 joj^oJI ôJlû* ûî J3ÜJ ^ F ext — 0 LoAaJuo Qus>j\szl\ l53üJI £3xxj*jo üIS \i\ Z ^ÜÔQ^JLo 

. LSuuSuuO 

c c c 

j3*oaJI Ijüuo 5I J5JI ù^jLsJI _ 2 

sS^luu v_JLs /xjuül> i^JLc cüuJbuoJI cu^rjlàdl iS^Jül £$j* 2 uo OIS bl t «jnJLJLc gj>->0 i_î^9 

Ù9& oJLaJI ^yuucJJ G j>aaJI jSjjoJ 'V; <1£>juüJI <ty£«juo üld < F» — Ô) ctoA&juo ^üo 
ùl3 £ CUiÜ VjJLâJI ^OuuüL^JU G J3 ^UÜ I jSjJoJ ^LCj-juüJI c Lg-?UU» üjI^ bl £ JjUj cJ I i 5 s 3£ ■ CUJÜ 

.^jlajüo £3-oj*jo >xjuuc*JI ^sJLc cüukuoJI ^jjj>^bJI lS^aJI £$jxz*lq 

Z OjgQjÜjD 

^>I^>jo v_sv^ clJLJIsJI g^rljjoJI : cuJULc j+L ^>Ijj 03 cuJLJlc S^rl>o o+j >++jojJI Ch° , 3 -^qJI jS^jo 

. j 3 ^loJI Ijuuo lg-*3 v _ 3 Üj^u 

/>3e*J qj\lj 3>ü cl^>^q 0\LJI j3bïuoJl3 ^jjuuo^_ajüJI ôjSjjo ( dJLûgpr>o ) v_s^uuuo^jJI sSjSjjoJI gj>jjoJI 

. v_sJbJLc &>>o J^o3Î . CLüb 

) J3> vil^ptju ^Jl /)Luul>\JI olSjj> c^juuIjjJ /)J\Lo ôjSjjo ! v_s^j^JI sSjS^joJI ^>jjoJI 

. ^_3*3 jJI v»sbLJLc jjjulJ ( .. Qic 1 jJq.«^\J I jLo< 3\JI3 oljJüaJI 

. jjLÜtXxJI ! JLuO . LuJOjl O ôjLlcl <jSjOJ Ô-^LjuUU .kujjjO ^jJLz 5 /^juJC> JS ! v-5V-bj\JI &>jJC)JI 
CLiuO J_ajuZ 5 i^jOLc 3I ^JcLjuü v_5^*jJI ^LjudL^^I §juO^> c I_ajüIjAJ JjO^S 2 jljuUU 3 

■ ,3+3 jJI ^ju^oJIj LJLJLc \sï>jX>j 

■ (^jjuJLJ Le I jjj \ A j ijkjk-C I jSjOJ ÔJuoJ I ù^ju^lS j I OIS ct^uüüJ b 

( dbj^üJU i^ouüLaajDI ù^jUJI ) v^njLJI ù^Jüül — 3 

2 iSVüjjfcjJI JoLaJüuJI 
03 MaJI ÿjo sS^Jjï fcjJI v>ücJI 


Vf = 

/ j ejef 


m- 


AV 


A t 


à^uKjj I3J I^juJoII cdbl 3 cLub Ô33 3-sbu jL^iJ >oj £ 1^-333 v_sOljJI Jjobdl S-^Û3 « L+Ü 3 I ôJuuQjuoJI kuuëû 

j+*£ü. jL^eJI v>bl ôbïiil v_sv 9 v_sOljJI JjobJI dl^pü . cdLo^jo CUJLS3 ^Ijûuo\JI JjI 3 
^333 v_svjIâJI JjobJI 3 JjJi +3 Js^uû ■ O3S-JUU cJL> v_sv 3 c ^û-s i 3 ‘ ôJuJojuoJI ^lLijuuJ bjl^ ia+iJI 

I3J0JI Je^uuuü CJL33JI ujjJü v_sv 93 t (F = 0 , 27 N) Ja+iJI ci+JLc L^Jâ+Jcu v-S^JI ^ 03ÜJI J sûu ôJuzaJuoJI 

Juc^juuüJI Le Juza ^3 r = SOm.s’ CU3LUUÜÜ03 ^JLüüo ^juo v_s^ v_soIjJI JjobJI G LpJLotj v-s^JI 

. cbLô_JUül JuC^juUüJI jJêül (I) 

àjLÆSLO QjO vJ1jlS2ajuoJI Cl3_^JI ^juulÆ v_S^ F ÔJuJjJI [jJjJûJ IbLâJu>\)l QjjS*üJ\ [jJjJi) JuSÛ 

(v) usbLe Juzi^ü . ^sCilJJI Jjobdl souflerie 


















. csJs'VÎ cup*JI F 

! ôJUI cAJbJI v_S ^5 G jj&j Av g ^L 0 uk 9 JuCftiJuuüJI lJ\L^iljujIj _ 3 

Jôj>\b li>lo ■ Gô 3 G2 Chs' - ^ G5 3 G2 ch-' - £ G4 3 G2 ch-/ - v G3 3 Gi - I 

. clü3|^oJ| cUjuo^JI ôJuoJI A t cJ\Jjü Av g olj+sü Jjuo _ 4 

5 

. V F =m^^~ qs\UJI cho ^3^ ■ m= 450 g : ^oljJI JjobJI cdjS m < — cloouoàJI 
Ar m 

i^\JI 033 ol _ 6 

. Ô 3 Ü-II ÔJL& ÔJLaJü f ^jljuüoI . G ^JNJîduO <jjoSLc l&b*Ju03 G jLjüjoJ Qjjl^O 
1 C^jIqJI Ijlq> u ^u £>i 9 l j ^ F pxt — M—^~ cl 9 \JLszJI ôJuuul^j usObJI C^jloJI üî CjuoJLc li>J _ 7 

. c LiuO ÔJuLôJI Ij^-oO 

- ûj^juJ vJv-iUJI Ù 5 JÜÜI \jûJ 2.3 

. - Av g 

Cl 3 \lsdl £Uu £üS t a G £jLuUlJI Q^ÜJÛ 3^Ü-^ ^jOouJlqJI ^JV-ûiLuU jSL *£Jl 3^Ü A t ^JV-diLüU IoJJlC 


F ext —TTI.CLq <jj 3 jjJ v^sOÜJI Û3J LaJI 3^3 i usJâ^d Û3jls 3 jLuoj F pxt — 


Av. 


m- 


Af 

: ù^jld 

oJLS dJLPr yJ L ^ jxmX> islc cüukuoJI Ojprjbdl iS^üJI sS^Laaju « vJ'JUlc u$\3 

! G 0j$*Æl 9 jSj JoJ ^LuüüJI ^XiJOj ^OuuUL^JI IjlA 






. cuJLJLsdl gprl^joJI v_s^ \J( CH3+J usOliJI C^jlaJI ^3 -Jqj \J : CLbo^JLo 
! cuJUlidl ^I^joJI ,^^3 ^3^ v_sOLJI Û3JLaJI J3^> ,3 juJoj 













































































































R 


ÙJszslo Juoj>I JàJoJI Jl>I . v_s^jl &>>0 V_sv3 t Ou b o J^> É fy^DÜJjz ûlj3^ Ôj3_Lo js*LU 

jZjJOJ cLC3joj^oJI ÔJuî) /^juul^Ü3 cLjuü3jJuoJI cLC3joj^joJI { AaiboJI t JjlLJI } >s^ . Ôj3_LoJI ôJlû> v_sv9 

. M IgjJL^ ’ôup* « G Lû^j 3 j zi 3 

j3^iS j^jjz v_sv 3 /xJLuj O3JU LpJLuo3 . Igjl^3^ J\L> clC3jcxj*joJ I ^jOLc cl&jlLloJI l 53 üJI Vprl — 1 

. ^C3jOJ^joJI 

P clc3joj^joJI ÜJ3 _ 

o, S ^JU^ ^ p ^ J^J| _ 

^/XjuüJ^J I3 Ôj3_LoJb ^ uSV^^oJI /XjuJL<JI — 2 

. v_S^j^JI v_SV^>>oJI 

^üjOjuuU . 31 ^ 31 y_sS ^ojoj^oJU cuSujIIjuoJI cdbdl ^_)L> 1 — 2 
{ jjlûjoJI <- J_akdl } . 3 t ^>jjoJI L^XjLuUU 


cJb> ,^3 ^C3joj^joJI ôj3AjoJU i^üjjoJI v_sv^>>oJI />ouuc*JI v_sv 9 

Ü3SL-AUU 

. pkxJJjz ûIj 3^ v_sv 3 ^ St s^>>oJI /^juul^JI v_svS 

G g = 0 pAsz JUO V_sv 9 cLC 3 jo^joJI gjLuuü _ 

S* (^UuuLajüJ blo . 3 v_Sv 3 v^SVjljJI C^lûJI t Q jJo 2 _ 2 

P + F = M.a c : Æ ^ ^ui o^üül 

ül Ja>-\b «-S^üJI V-^> o^ 1 X Z '< V/ = Û ùlà =() oî Lv St' ^ ^sOliJI Ü5JÜÜI 

2 X,*o 

vjJUI Ù 5 JÜÜI — 4 

. cü^LùüoJI oIjjüUI Ijüuo : Ù5JÜÜI yjoj 

L^aJcu v_SoII Ô3ÜJI ^B/A 3 B ^jOLc A IpJLJaj ooll Ô3Ü-II ^A/5 <J>£J i lSO jjub v_Sv 3 B 3 A Qjj0^juUI> jjÜSÙ 

. A ^sJ^: B 

: CU3LUUÜU0JI ûliLa >ô^bia $F A /b ,jjj3_aJI ûl 9 C^SLjuj v_sv 9 3Î ê&y> ^3 ûLoouul^JI ül 5 A^juj 



^a/b ~ F b/a 


. Jszj «33JÜ cLljuüuJIj dJJ_X^3 ^jüLojJI ^3_qJ cUljuuljJIj Û3jlaJI lÀÜ ^3 jlLij 

. c 

kS^juuJlO (.jJfj vJVAdl I^^JLmJUO (jdC uJLd \ .ja juiJsu _ III 

.JPU 

O3JU Lxx^juu jjjuLosjül ^oüu Ojl^u <^_s03 «33jljuuuo ^39 Lc3^3jo t M=200g coLlS (S) LJL^ Ixxjuul> jjüsu _1 

Jjjb ]oÔ> . v_SV-û3^JI <-S3ji-JUÜUoJI ^jOLc ClSujJ^ÜJ gjOs^JÜJ 3 F=0.5N LpjJUuU ^ Ajub CLlÜSÎ 6$3 . ^115X^1 

. v_sv-a3^l «-S3OUUU0JU sSjl^ F 03ÜJI 

à£>y> Qsujl .b ül { jjj c G ùj ^3 j$jJo ôS)y> cLuI (S) Jl /^juul^JI ^jvJLc v_sObJI Û3jloJI 

. ùj$*æ3 oJ £jLujlJI cUxj 3 ■ />Lbüjb ùjjSüx) cLucxjJÏ^^ ôj 3 ,zi 9 j^>o 

: vl^JI 

clC3jo^uoJI ^Jl?ü Û3JLqJI v _3jjJojJ 

3Ü3 LJU^ b^>jjo jb^û3 ■ (S) ! cLjjj^juoJI 

clC3jo^sjoJI ^jOLc ^JiJajoJI «33ÜJI p^sû 

(S) : cljuu3jJuoJI 

(S) puujsA\ oj3 F 
. clûUI cuüs\J| 03JÜI F 


-s 

(S) 



JjLq O^LAUJJüCi 


l 5 'JÏS i I LJ ^L U X U B 


B 






























^jvJLc cLp-^jüoJI O^ii ^Jo-jljuJI 3 /)ouucJI <jju Oll£Lc>\JI vU^- s5^3 . (S) vjOLc £lLljuuJI >*jb R 

■ V_SVÜ3 \JI £lLxjuoJI 

dJLjJ^jJU v_S^-*juLjuu\JI Û^jlüJI t v_sOLJI O^làJI ^3-Jcû 

P + F + R = m.a G 

> /xkxÂjOuoJI JuolsJLoJI /xJkoJI ^jOLc <k£j*juoJI qs\iaJ| _bLû_juu| 

3 l(. 0 ,î, j) 

(1) p x + K + F x = m - a i ^>F= m.a, ; l,j Ox^Jb 

j^sioJI v _sJLc AS>sJI uLé Py+F y +R y =0 LaJOy^Jb 
R-P = 0 ^R = P = mg oîsSlOy 

. uSVJOuJÎOuiJUO /^juücJI jSjJO û\J CLoOuJÎJüuUUO (S) /^juücJI jS^jO 



S) 

F 

1 , 





'A " 

0^1 LjgLUJjjS 

P 

r 


^ = — : ^JUI^u^JI 

m 


Ou Ü ^/x-ajuc^J I jSjjoJ 3 p j L juuüJ I ol qjuûu ( 1 ) ^L 9 \LslJI lJYL^ qjo 

ôüb ÔjjSlLo cOouJiOuuuo (S) /^juucJI jS >0 ci5^>j* 3 v.sJbJb 3 

2,5ml s 2 : a ^Ludl v O> 

JL52^u £ £=30cm cÔLjuuoj cÇuJu clc^-ajj O 3 JU 2 ^ 3 j 0 A cdaüJI <J-C Jlslü £ B cdcLfij V_sv3 — 2 

CLQ-JojO ^ Ô 3 ÜJI <jdUL&j ^JvÜjJ CJup* ^ _ CO 3 v_SV-0-9\J I ^ 3 JLjuUUoJU COjuUuJb \JjLo «33ji-JuUU0 (S) '/XjuüiSzJ I 

/XjU (S) ^kjuüi^j I 3 JjLoJI ^ 3 ji-JuUUoJ I <JuU <jjuLoûJI ül jjÜSÙ . JjLoJI ^ 3 jljuiJUoJU iSjlt^JO L&jjjU )oC> £ c bJLc 

. k=0,l 3 ^ cJbdl ôJuî) V_sv3 dllSk>\JI Jjoko 0 I 3 villi^>\Jb 
JjLoJI « 33 OJUU 0 JI vjOLc c lSjs> J\Jj> (S) lo 

. QJiSÿj Jx9 /^juuc^JI lg_akL qj Ol q^uoj ooll CU 3 JJJI c^LuuuoJI ^jujl^>I 

: vl^JI 

. JjLoJI <33JOjuuoJI 3 -û ^3 ôjLuuuo <jjo v_sOLJI Jl <^9 (S) /)ouucJI ^svJLc qj 3 juJ v_sOLJI Ü 3 jlûJI ,J^jJaj 
Juokjuo /xJkou <^küjJ 3 LJLJLc !^>>o ô jjüsù LSJJI 3 v_sOoj\JI ^>jjoJI 3^3 ,JyLuuJI ^>jjoJI ijjulqj jLcâù 

31(0 JJ) 

: (S) ^^OLc cüLlLloJI US 3 ÜJI 

(S) /)ouUcJI ÛJ 3 ^ 

. JjLoJI « 33 OUUU 0 JU sSjl^ L^j^bol Oj uj> clüLJI 03 ÜJI F 
JaiïJLI cujuulJIj cdbLo^ cl^üjoJI ù35u 5 _LjuJI 3 /^juucJI quu villSLo>\JI ^ 3^>3 . (S) ^jOLc 5 -LljuuJI ^-Jb ^ 


cOjuüLosjoJI cuSjjoJl^r ûî 



R r 

k - tan <p - 

T 

Rn 


: qJUI cts\isdb Jlll>\J| JjoLslo <3^ . (S) 


cLiSjjoJ I 3 / V LgJ >0jJ3 dJl 5 Lo>'\JI Ô3ÜJ ^JVjOouUÜ /^juücJI />3lûJ «^soll CL^ÏÜjoJJ 

R cl^üjoJJ JjLoJI ^30ujuoJI ^jOLc cLuoJîluoJI 
v^^pojj v_SV-*JüLjuu\)I Û3 jlûJI £ ^JJ3 juJ v^SObJI Û3jlûJI ^_3 jJcÛ 

P + F + R = m.a G 

31(0, i , j) ^oJôJuOuoJI Jüols^juoJI /xJLixJI ^jdc Aj^fcijoJI C0\lsdl i?Lo_juü| 
P x +7? x + F x = m.a 2 -mg sina-R T + F = m.a 2 : [^jj Ox^k: 

(1) 

ol lsI Oy j3^joJI ^jOLc ci5^JI vUc ^y — ® LjjJ Oy ^jOk 

^ - mg cos a = 0=> R N = mg cos a 

R 

k — —— => R t — k.R N — k.mg cos oc ^_j 



Ol ^jÜuLàjUU (1) ^d\LsÜI ^jjO 


R, 



































R 


—mg sin a - kmg cos a + F = m.a 2 
a 2 = a l -(gsina + kg cos a) 


( F ^ 

-( g sin a + kg cos a) 

V m J 


. JJloJI I dJUiS 3 olSISjC>\JI IjJûj 3 i <jjo jSLÆ I3 cLub 02 ûl j-ajlSjÜI J\Jj> <jjo 

. />lküjb ô^j^uo cUjOuJîOuuuo ëlSjj> v_s^ cjjaJI Iâü v_sv 9 (S) üi>| 

a i — — 5 , 1 m/ s ; V _ SN ^ a 2 £,jLjulJI cuxj 

; C^ûS^J J^ ^O^JuUcJI lg_sdcLQJ ül UtxU qSLuUüoJI ^jljuüJ^Ü 

Vb cLC>juju ^_sÜ 3\JI cdb>jjoJI v_sv 3 /x-juucJI L^JJ JuZLljuj v_scJI B cdaüjJI qju Qu£jS*J\ cisLkJI cLü^^juo 

. (S) /XjuücJI L^S v_scjl CLL1ÜJJI3 

: B cdaüjJI «jjj <^3^3 ^jJJ A cÜoüJI QJO cvs\jjajl Juuo cuSj^JI qjâlhJI c\jJbjjuz dJU_xS Vb vbuo^ 

2 1 9 / —*■ \ 1 2 

— mv R —mv, — W [F => —mv„ — Fl — m.a.1 
2 B 2 A ^ y ' 2 

v B = = 1,22 m / 5 

; JjS /x_»juqdl Iggloa, ») v_sOÜI ciàLuüuoJI d »_->L_i^j_=»J 3 _»S_)jdl «ÜîllaJI 3 Jjî>_>aX> J^Jcü 

1 2 

-mv, 


-mv* = W (P)+ W (i?) + W (F) 

2 B B^/V / B^/V / B—>/ ' / 


1 2 1 2 f F 

— mv fi = -mgd sin a-R T .d + F A =^>— mv B -m.d -g sina-kg.cosa -\— 

2 2 v m j 

1 2 7 

——mv g = m.a 2 .d 

2 

d = -—^- = 0,15m 
2a, 


fiibüjb OjjjÀiüoJI ^JOyJijuuUUoJI — IV 

sjujAi _ 1 

1^(3 LuOujJÎOuüUO G jLjuUUO ois l^j É /> Lbjü b àjjSZJdd ^jUO^JÎOuüUO i*_jJLuO ^/X-juüjJ G j 3 *£LqJ I jSjjoJ O 3 SL 1 

. ciS^dl J\Jj> cLûb G cdaiijJLI ^LuuüJI ëlp^tJdo a G OûlS 

ctfjsdJ CLyùOjJI Oj^l&oJI _ 2 

G ôj3jZi 3 jSjjo /jJbfcxxj ^{Qd ) joAsld v_sv 5 « v_svjo^ijOjuuo jLujuo ^sJ-C vîl^ptju S Lo^jujl> ût jjüsü 

. V G — V G'Î v-S^ G cÜaiLiJLI clc^ajuJI /A lSI — X ‘î g^3xxJI ^^lûou t ciia^J JS v_sv9 

. v G =V 0 3 X = X 0 r o =0 cLix^JUI : qJUI cUjJ\io 3j ^\ ^ 



cLuJuJI i>3j^JjJb v_s^3 ^S>^iJJ Ajuuo^JI cJ^UijoJI Jjuoj -^(0 
























R 


ÙJ£jJ ÛJül^i) J3^ ÿJjlOtaf 


1 L*U*à 

: ^sJUlS ^K(0,i,j ’^) v_SVJjÜj^ ^oJLs^jO <*_S\3 viljJ^jûoJ G j£j£XSl}\ J^jjO oLjIjo! 

x(0 = 9^ + 3 , y(0 = 0 , z(V) =6^ 2 +4^-3 

t=2s cdo^JUI ^s3 IgjoJôJuo vljujl^I 3 ^ (^’ * ’ J ’ ^) /xJLaxJI v-S^ V G cLCj-juuJI ^gj*jûo oluljoj Jl> 3Î _ 1 
. IçJjou3 v ljuUl:> I 3^ * ’ j>k) ^oJLs^xxJI v_sv3 a G ^jLuuüJI cl^lôo oLuIjl>J Jl^t 3I _ 2 

2 1 jJjjoj 

. m=20kg IçjJjS jlJL> ^Jo3 Jjoj*j clûs^o cu^Lgj 

. JuJbdl cuJq 3 ^jdc ^jîJûjoJI «_S^_qJ| vprl _ 1 

2 

T QujjijLjuuJI qulS^jjcxJI ÿX J3ÜJ ûl liLo 

ol^l5Lo>-\JI ) ôJlû^LujuoJI Ô^LkJI j-juo3 é cI ^sJJ JuJbdl ciaJa3 ^JjjüLS <Uj>LJuJI J^JUaJu _ 3 

( ClJLo^jO 

3 i jJjjoj 

ùJszsld Juoj>I JàJoJI Jl>I . v_s^jl &>>o v_s^ « Oub j 3 ^uo J 3^> i /xiiüjuo ûIj 3^ v_->b*JI ôj 3 _)uo js^JÜ 

{ _Xs*£joJI t Jjî_hJI } jjüsù . ôj 3 AxJI ôJl& v_sv9 

CLC3 jOJ^joJI ÔJlQ> /^juUL^Ü 3 CLjuü 3 jJuoJI CLC 3 j 0 ^joJI 

. M IpjJLS i G Lû^j3 j zi3 

à^£xys*LoJ I ^jdc cLü^LajoJI v_S 3 _qJI >prl — 1 
V_sv3 /xJLuj O3JU LpJbu03 . cl)Ij 3 ^ J\L> 
. clc 3 joj^uoJ I j 3-^S 

JojüjjO v ît 5VS£>>joJI /)ouUC*JI JJÜSL) _ 2 
. v_s^j^JI v_svs^>oJI /xjuul^JI 3 ôj 3 AjoJU 
v_sv9 ^3 xxj^joJU LSLooJI cJbJI 1 _ 2 

I v_S^3 L^-Cj LjuUU (TXjuuLjuJ I 3 ■ 3 

. 31 ' 

3 v_s^3 <jj 3 jjJ v_sOliJI C^jloJI ^3-Jo 2 _ 2 

T £ÜJl 1 juUÜ l3lo . 

4 

t M=200g cuJLS (S) LJL^> bxjuo^ _ 1 

IgJJuuJ F qjjlj 033 ^_9-Jcü . villS4_>l Ü3JU bxpJuJ jjjuLoûJI jüJj CLuC^ij «^svüSl ^3 Jüujuo ^33 Ic3j2>3j0 

■ v_sv-si9\JI ^3 jLjuüjoJU lSjI^ F Ô3ÜJI jjüb ia> . v_sv-fi3^l l 53 jLjuljuoJI ^jOLc c&jjSzIj Qjx^ujJ 3 F=0.5N 
àS>y> Qszju^ ûl { jjj c G ôj3,zi 3 >$>o cLuI (S) I /xjujl>JI ^sJLc o-^ 3^ v_sv->LiJI Û3jUJI ^julLiv 

. Ôj3*û3 LjuüüJ I ^L0ui3 ^jljuüL> I . ^/O ÜÔjU U ôjuLSjuO ^jUO^JÎjüuLJUO Ôj 3 j ^^ j^> j0 

2^3 jo A cdaüJI jjX: JlslJ t B cLLiüj v_svS _ 2 
t £=30cm q3Luuucv cuJju oc > juj 03JU q3\LL)l 

CLjLJuUüJlj \JjLo ^S 3ji-JuUU0 (S) /)ouUL?iJI -XSLÆU 
^JV-Q-J ^JuC> ^ — 3 CL>3 Ijj ^_SVÜ3\JI ^3 jljulJUCxJU 

lû^>Ajb t àJiAxo F 03 ÜJI < jjulqJ 

{JjU jJJüLoûJI ül jjÜSL) . Jjbxll ^3 jljulJU 0 sJU 

0I3 dll5b->\Jb /)Ju (S) /Xjuul^JI 3 JjLoJI i 33 ^juuuoJI 
. k=0,l 3-d> cJbJI ôJ lûü v_sv 3 JlSu^>\JI JjoL s^o 
JjLoJI uS 31 jujuoJI ^jOLc J\L> (S) /xjuul^JI ^ 5^ lo 

. QJiSÿj Jx9 /X^jUL?JI lp_&kLÛJ ûl v_S^J I CU3JJJI ^LuUUoJI 






























R 


5 iJJjAJ 

IgJJuuj F cLiüS^I Ô3ÜJI < jjULQj LcLü 
U^3 (S2) 3 (Si) ^Le F — 0 , 2 N 

cLubr ûLjlJ^juoJI JjuOsJ . CUÜ 3 I cuJl^ ÔJuJojuo < 3^3 

■ (S2) 3 (Si) j3Zï 3 G2 3 Gl jjSÙ 

. G2 3 Gl ICjLuüJ 02 3 3 l «^SVjlXXjlS LjLuuO <JjlC _ 1 
. S 2 cdLiS m 2 3 Si cdLiS mi v^>î - 2 
jSjjO gjLuüJ ^jJLc v_sOli> JjoL> c *JLiS Lo _ 3 

. dLI^> JJLc ôj^zi 3 

7 ^ cLûb cuiisl 033 Si Le jujl> <jjo _ 4 
CLul^^JI ÔJlJqjuoJI < 3^3 F — 0,14 IgjJuuj 

. V_sv-û 3 l S-^53 V_sv 9 LoJb JL> 3 J v_svjjI 
. t =0 cdô^ïJUI v__S \3 V G = 0 jjÜSÙ . t <JjOjJI Gl CLC^-juJ oljjj^J ^JvjJ^JuO JjuO 

6uJj*j 

<- _$\JLc qJû>j Ljull) I § 3 jj ôb ^3 . v^S^JOuJijLjULlUO j LajüUO ^333 250 km/h ^LC^juUU v 3 b-JuU ÔjL-juü j_a_ajüJ 

. lOm/s v_s ^3 ôjL-juuJI jS^jo G P j LjuuljJ q-oJÜqjoJI ^loulaJI ^Ij-juuuoJI 

. 4 juU f Ô_XjC> 3 Ô33 JlSu^\JI ^33 jjûLSj 

. £|j»juUUoJI c lJb>j ^3 jLuuJI g 3 j cÜÔJ^J <JjO cIjûuI Quùuûb j3jJO _XS^ G CLCj^juJ ^-jljuüoI _ 1 

cLC3xx>joJI ^jOLc cLajibuxJI Qj^bdl l_S3qJI £ < 3joj^jo /xkûx>3 t ^30^3 t ôbïiil _ 2 

. cd^jjojl ÔJlû} { ÔjL-juuJI c^îLuJI} 

jJjULÛJ K_s 3 £ F ext 3 G ^LCj^JUj CLgJ^ljijO 3 £ G P. j LjuUûJI CLpj^ljuO £2^ QJO \ 1 S £ /xJLuU O3JÜ £ L J>JUO — 3 



. ClJb>jjoJI ÔJL& J\b> t cÜâj^JUI 

7 


/xj . R — lm L^cLs^juj ôjÜA cuxiül ^sv 3 m IpjJL^ (S) ^j^Lo cLbüJu ciJbLoJ LJL^ Looujl> ^ûoj 

^ cÜoüJI t qJ >JÛl 9 £ 4jOJlS2juO ^La-juU ^LCj^juJU A i^SVjJuJI LfiSZ*£><)jO (J-C- 



0 iS^jJL g^3jo ôjiül tjJLc O3JU cu^LoJI 

S J clc^juüJI A>sl < <ÎjSjSz}\ ciSlbJI cuq^jjjo _ 1 

ôjiJI ùl J-fc 3 0 cJ\Jju 

ÔJuuü j+j£Ü Jc> 3 l v_SVj4>5 jjjüLuüI ^SvS jJJ 3 -uJ v_sOLjJI Û 3 J LûJI ^j^ju^üJ _ 2 

. 0 cJ\Jaj (S) Le ôjiJI qjo ^UixbxJI Ô3ÜJI 
■ ôj^JI (S) L^a3 ulljJu »^_svjJI Q> b>lJ| 0 A-13I3JI ^jO<a3 güL^Ljuuu 3 
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C 

uJLd J OüucJ lJVjuJ I jJ I Jo^ÂjaJ ! 


qJLftJI UI^jo — I 

yjuysù 

<JjO CÜL|lLu) Ô3&J &ÆÔZJ, IfcJ -bu^joJI V_sv 3 3I ^^JLc ^>30 /X-juUL> JS 

<JT>Jo <JjO v 1 >JC%joJI JbfcXX-ll Qs*j\j v_S^ ô^üjl ÔJlû* . P V IgJ jJOp$ /XjuücJI Oj^J <_S\jOouUÜ 

g V °*J j^PS ^JLûjJI JLsjoj L-S vj0 ^ Jua J 

. ^/OouücJI ^JLiS m CjlaJ> g —- P ! ^ 3 P Ch^ 

m 

: cJLûjJI JbtX) CL^iiôo oljjuOuO 
. /iouucjl j£jÆB jS^jO CH 0 jL°JI v_S^-J»JUl>lI ! ôbïj\JI _ 

3^ : ^s^juoJI _ 

N/kg 1 ôjo^JU Lçjlc j+sl)$ cJLûjJI Jb*jo ôjujj : /dajuoJI _ 
. ijâjsz }I Jo^3 glûjj\Jb cJUjJI Jbfcjo ôJuJj jJLali l QJd$ 3 *JlQ 
• gjto k3jJo yJO OjuJsüoJI iS^jÜI — II 

gjloJI cÜISui>\)I lSq3 -1 

gjLo Jj>L ciSjJ> V_sv 3 /^juUL> JS 

ô^S ^svjxjujü ôJup-3 ù $3 £ viljj^ûoJI /)ouucJI ^jdc gjLoJI <jjo clÀjlLixxJI i^^qJI ôJlû> 

gjloJI 

: gjloJI villSbc>\JI 6$3 oljjjOuO 
/X^jUcJI ■ J-^^l 

/Xjuul^JU G j^zioJI clCj-juü cl^lôo ôbül 3_oi l&j-Jb Joi> 

/XjuUcJI j 3-^3 jSjjo ^<ïlôo ^jvj^iJuo <jjoS_C ! ^jo^JuoJI 

: ôJuJjJI 

. gjloJU CLiljulJuJIj ^jJ^juoJI 

/^juUcJI JijuJU3 gjloJI CISjuJoj ^3isiu CLûb k <JjuC> / = k.V q ! CLjJUI Cl 3 \J-sdb l^jJuuü gJuoJu 

. / = &.V 7Î Cl 3 \lsdl £uljuüü 9 £ V G = V S^û 

£ / = k.v : v_svj\U^ ciüjLjuJI cl 9 \JLsüI q+^js £ n=1 _\>b £ 6 jjs^ cicj^juJI cux^s o^Sb Iojulc : cib^^djo 

. gJLoJI cL>3jJb k cUl^JI ôj-ûi v_s ^9 

£ cJbdl ôJoà uSvS / = &.V 2 CLajLuuJI cii\lsdl (WiJ n = 2 _L>b £ ôjjuiS V q^HuuJI cLoui Ü^Sb IoJulC 

.CbjOsJ^JI CUJL^b Jj £ gjloJI CL>3jJb k ^_9JLs2jij\J 

t jjjJbüDJ^jl <ig3b — 2 

£ /xjuul^JI gub-juj ^sblc cLQjLbbo cL^lcLo ^LoJ lS^qJ ^JLo ^3 L ujs> 3I LIS j^jyszjo /xjujs> JS 

. jjjuJüjOJ^jI ClS 29 lju «33ÜJI ÔJlQ} ^££>SSU 0 v_SVJOs^jlJU 

! v_s^ Lpjljjjouo 

e l>oJI gjloJI Jjîj jSjjo ! lâijjjb cÜoüJ _ 
v_sv-*jjÎ>JI JaitJI ! ôb%j\JI _ 

^SvJLc^l 3^ü ! ^jvj^ijuoJI _ 
F A =-p f .V.g ! gjLoJU e l>oJI /xja^aJI C1J3 ùJ ljjJ ijSgLuoj ! ôJuûjJI _ 

kg/m 3 v sjLoJU ^jcj^sJI «iJLÜI p^ ol Cj+>j 

(m 3 ) sjLoJU ^I>oJI /xj«JI V 
m/s 2 3! (N/kg) AJUiJI Jbio ôjuJj : g 


















R 


(N) cis* 9 b ôjulJu F a 

£ I>oJI /x^*JI Oj3 v_s^ Pf t F A = —P f : cLb^JLo 


. cUjoj«JI qjJLS p s $ gjloJI v_sx 9 j^jo^oJI I /x^jucJI ÛJ3 31^ P s 


5*- = -^- ol 

P. P. 


Ch^ 


iis N 


. UjJLc gjloJI Ü3SJ LoJûC ld>Jc*ü cJbJI ôJl& P s <jjo >^Sj Fa ûls p s ,jjo >xiSj p y 

JlSu^U i£V-aajIjJI Jo y jjuüJI — III 
iSVüjjfcJI JdLuuùJI 

J-J 3 I cLûjjJûj gjlo v_sv3 cUjS i> 3 iLuJ ciSjJ> cL>JuoJ \ Qjj2*üJ\ ,jjo I 

cUjoj«JI cuJLS ^ô-âi^joJI J3jJHuaj«lâJI J3Jb*uo . 1 t <U 9 <jjo £jJuo jlûâuo ! ôAsJI 

^s 3 cu^SJI Jj^uu R= 5 , 9 mm L^1^3 m b =6,88g I^JLS cui>\J^3 cu>S t p f =\, 01 glmi 
fJJO kJlLo 1^3 CUjSJI Jj^ijuUUoJI Jojj^JujJI JôÀJ*Ü3 CIjuOsSj IjjuoIS c 0 o-kjü I3J JjLuJI 

J\L> ^u>SJI j^>° G s-^I3joJ clûsI^oJI JoüjJI &ï>\$x) jujc*j cuJLo^d Avirneca ISjjo^sI /xi y Jjo^*1juuü 

■ (t,y) >ou3 ^jjSj 3 JAjuj\JI 3^ü 3j>3jo j3^jo jLû^I lp_b3_Q_juu 

cLp_^ijuo cUjIjoJ yJujSÜ A2J3 £ TGgTGSSi oLjJ^juoJI /x_ajjIj3 J3_\j*joJI /xj^j u^IsûJI ^3-^ J-j*j»J>j 

t^vJLc t <jjojJI V <j\jjSÜ ^jvjJ^JuO /x_juJj /xj V /Xx 9 ^Lujl>j /xjjjJI /)3-ÜJ j V — — — Vr A^>juüJI 

<* 

. UiLoJI JôÀ^j /XJ £ c LjujLuüJI 


Y flflft) 

A 

i.i. 

\ 2 '. 


■t ■+ 


OS 

OS 

O.i 


0 2 


0.1 


02 


OS 


O.i 


0.5 


0 J6 


0.7 


JUj> àjj£j\ jS-iûS >5>0 QC>JJU >JLHJ 

(Juîâû Js^jujoJsJI JjLj^ L^bsJÏjju 


tffl 


V = f(t) ^JVjl^juCxJI J\U^uül _ 1 
C\SjS> QSZju^ Ij^-oO />ILl) JSJ v_SXÂjO/JI JbfcXxJI LûLuuO ^_)L> £ <Juuolkû ^3J>3 ^SxJl^JuoJI Jj-U — I 

. /)Uôj JS <^sx 9 cüjSJI 

. Aj\$> JJLc J\Jj> CU^SJI jSjjO &J^- JUÜL - I ^I ^-T^juO ^iSliûu /)l -Xjljju J-di _ v 

. <- _5\jlj%juoJU v_jjLqjcxJI Joj^JI JSLjûüJI ^sJLc Jjuo_^ 
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. V £ eu yj 3 . V £ CUJL^JI cLCj-juuJI cLouJ oLcj-juuJI JoiJI I_)lû> ^bliü pJoüJ Jjuou 

^jvlc (jjüLouoJI IJlü^ g-bliUj . 0 Jj^\JI Jül£ ^SVjOOjoJU ijjüLojoJI é I jjjULQJ v*_ 5\3 JjuO _ ^ 

. T cLouJ . JjjOuoJI <jjojJI ^juOouüJ T LpJ^zaSl clLiqJ v_sv 3 

S* t =0 cl^l^JUI Julc ijjuI^JI ^jJLc 5 0 cujIjl>V a 0 Lo _ 0 

^u^JôjJI cljuüIjjJI_2 

. cüjSJI j^>o G Cl 5 jj> cLjuüIj^ V_sv 9 Ô^LoJLcI <jSjou !^>>o _>$:>l — I 

àjj£J\ ^^JLc cl&jJojoJI <*S3üJI JS oljjuouo . Lg-JLc PjLJojoJI ^^üJI Lo t cu^SJI Jo3_q_juj Lui _ 

. v_SvjJuJI /)UôjJI J\b> L^jJuuü juL^jü \ w S\jJI Ô9 _qJ £ 0\kJI lS^ÎLII Q-U QjO 
£ ô^Jl^ü &>>o v_svS SjLoJI v_sv 9 l>JI L^-b^ji-juj cLuil cu^SJI ^sOLc v_sOLJI O^jLaJI yJ^xj Joju _ £ 

cLp_^Û03 CU^SJI qJLS ITI3 CU^SJI ^^OLc cLaJcuJI àu^>j bJ| ^3üJ| £$jx>lo q+j Jûj^j v_S^JI ^L 9 \J-sÜI <^SI 

■ 5 g I j 3 ^i 9 jSjJûJ p j LajULjJ I 

: cuJUI ci 3 \lsdl cjulïI £ JAjuü\JI 3^0 <^j>3xJI v_sv-j»j»jI>II ( 0 ,k) j3^joJI cl 9 \JLsüI ôÀâ i>Lû_juüU _ :> 

. cJUiJI ôjulJu g 3 F a 3 l<3 m cJ\Jju B 3 A ■ ( 1 ) — = A-Bv n 

dt 

. n 3 B 3 A cJ\Jju Jacl3 £ V £ cUJo QjouS gJLü G clc^juj ûl Qju _ ô 

! ^Ul 3^JI i^$0Lc v^jûSj (1) <s\JLsdl ol CjuùI_3 


dv 

( 

f \ 

V 

n ^ 

— = A 

1- 



dt 

V 


J 


k ^ 


z * 


O 


t=0 cüôj^JUI ^3 ( 0 ,k) j3^joJI ^ Le a G ^jLuuûJI clp_>üjoJ a cluIjl>\JJ v_svS>^JI jjulsJI ^>s\ — j 

qSv*JU clJLoIàJI cü^IæoJI - 1 

v_sv9 p biüe QuJos*2t}\ V Lpjo^> 3 rn LpjJLS cu^S àSy> couulj^ 

^/XjuücJU c L^_ajUuJ Ij Ü3SLAJU ^JLp' \s3 Pji u j ( i c C ljiJ0^1^JI CLiJLS §jLo 

■ v_sOOj\JI jjoJ I 

/ylsLoS £ JjLjuu\JI 3>ü ôb^Ju03 cLljuüIj cüjSJI <X SjJ> /)l Lou 
. ( 0 ,k) JAjuj\)I 3 J^J <^>3 j0 ^JÔjuOuO 3 JuOL s^juO 
JJLuj ^J^S-II ■ cLjuü3jJuoJI clc3joj^oJI _ 

: Lp_b 3 _Q_JUÜ J\b> CLpy^bJI CLaj^oJI <33^1 — 

P = m.g £ cu^SJI oj 3 : P 
F A =-m f .g =-p r V.g : o^j+^jî ëLaàb : F A 

f =-k.v n .k : gJLoJI JIS^>\JI '6$s : f 
\ QJ3-1JJ v_sOLJI Û3jLûJI ^3-Jaj _ 
cüjSJI j3-^S >^>oJ ^jLuülJI d G —a ûl <ÔuJ> P + F + f =rn bille .ü G 

\ qJUI cu3LuulûJI ^jOLc J-^o £ ( 0 ,k) ^^OLc cb^_^jüoJI co\Lsdl JaiOuju 


ing 


( J 3_>jjuuuJLaJ I ) 


\ 
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/ s , „ dv 

0 m b -m f )g-kv =m b .— 


dî 

k 


0 m h -m f ) 

A = — - f —g B 

m b m b 

— = A-Bv" 
dt 

JjLuüJI V_sv 3 -b^-Q-juuJI J jZjJQ G téjSzJ cuJLblâJI cJ^laxJI i cJ^laxxJI ÔA& JjuoJ 

àS y^JJ ÔjjüDüoJI v^üldJI JUJL3Ü — 2 
CUiflU CUJL^JI uuJI : iQjljJI oLbuJI - I 


j| q 


U 


Ch-V 


Jv 


= 0 : ol ssl qjoJîüjuo cujo^jî^ui^ guuzaj cLup*j 

! (^UuuLjuüU CLJLzjLslJI cü^lsxxjl »*_5\S 


A-Bv; = 0^v, = 


f -1 

vSy 


i 


i 



joJIjJI ^>lbJI ^jvjOouuu /ilicu ^i\ G ô£>y> V £ qjAj%JI cLCj-juuJI qjjÜI cIC^juj LoAjAZ _ 

. CLCjuuuJI oLuü jjuOùÎJ^ 

^svjJüJI joLbuJI — u 

. />As*juo L^X^oj^jo iS$3 ^_sJI v_Sv^-9 qj>SJI jdjZkj Jjl9 

t 0 =0 qJô^JJI ^3 

jC)küJ dJUÂ Jlszj i£NjJüJI ,pL J U qJb>jjoJI ôJlû^ ^jvjOs-juuü ! qACjuuu Juljju3 cüjÜJ 

^ ^ext àjJZ QjjS Jl L_Slc CÜÎjlLuJI Ô3JÜI £$jos*lo Qu 3 £uu£ü >oJl:> />Ltû G <téjS> 

. a=0 ol lsI 


30 } 3q ûl vljuptj Clç (Îq — 0) — CLq — 


f dv^ 


V dt j t 0 


LjjJ to =0 clIcl^JUI Julc i cuJLbLâJI cJ^lsxJI v_svS 


f —0 dJJ_xS LjjJ . cu^SJU G j3*£lqJI v_svjJuJI ^jLuuüJI 


(m b -m f )g=m b xi 0 =>a { 


( m b -m f )g 


m u 


^^V-OïAjoJU ^jjuLcXoJÜ <JjoIs 2 joJI CLCXaS v_SV-^ I P, J LjuULjJ I CUXa 9 lS^LjuUU £ LuLuüO 

■ to =0 

oSjJk .JLI jjjOuoJI CHOj-N _ £ 

cLucxjuüü r IgJ^ziSl clLüj v-SvS ^sAjfcJuoJU laidl g/) V=f(t) <juulouoJI Jo^JI ^bloJu 

àSjJxü JjUDudJI ujdjJI 

v £ = a 0 T : qs\lsdU T cLoui aa^j 

. v-SvjJuJI />UôJI ôJuo jAS CLJj cllcLcj <JJ° ^ q^uoJ : qJgQ^JjQ 
Euler jjJql cüü Jg . qjuJoüj g^j^JLI cuL^UJI qJ^lajoJI , - 3 

CÜU>bJI ijbüO - I 
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uâjpsïiu qjJLblâJI cJ^IsjoJU v_svl/>ûj J^J J-^^jJI Cfjo *J 3 I ^iuoJ — 

ûl /xIsl; <ÔuC*j 

v(t + At)-v(t) 


v(t + At)-v(t) ( dv^ 

a(t ) = lim-=^> a(t ) = 

A/^0 \ t 


dt j 


A t 


v(t + At)-v(t) +a(t).At ( 1 ) 

QJÀjjiCU IpjLÆÿ />J IjLpJ CLfljLfcjbüj V-jJïJ »_s\jüI i—iLuuCsJI ( JjO { JjüA^>_yD àJujiai\ ùAâ> (JjO uùcüj 

>_svjJl3 t àjàs* J >_sv9 j$j£> clc>juü <*3_ > &o v-j^^ijuju «üüjJaJI ôJiû> JIcx5ü_«jjI ùl laS . «üjI_>S j cUaS; 

. t=0 AkiaJUI i_s\S Vo AjjJlJI clc_huJI ùL>\JI v_JLc v.s'S ù^ii lo 

; l _jJ3\JI 4JL>_)joJI 

ol v(t i+1 ) = v(t i ) + a(t i ).At : ^LII JlLcJI ,_snJLc lyjjbS o^v v_s^l9 (1) ^^sJI <JM> ch° 

a t = A- B.v" 
a 0 -A-BvQ LüjJ t=0 <ü»JUI jülC 
: «Uiüül ciJL>_>oJI 


V l= V 0+ a 0< At ■ 

Ô3J CL> <_S\j0^juUÜ At 

jJJÜLÔJu Q-*jJI^joJI CLC^-JuuJIj) P, ) LajUüJ I V_jIjuUC> Jli£Ü 3 
&JQ jjJ B \ CLûJ>b JLo^LajjU <U-£LàJoJI CU^-bûJI /XjüJI ^3 jUûJ \JJO <jiuOJ v_S^JI B 3 A 3 n /Xj^ Ojl^jÛ /XJ 

. Q-a^ul^LÂjoJ I ,Jyllaj lSI CLuüjJ^ljJI /xaüJI 

■ i pJ I J\juü IjJ I Jp^ftjuüj I . VI 

UUjSÜ — 1 

/XjuUL^JI g^OifcJ LoAjlC v_sOOjl &>>0 v_Sx 5 ,/XjuUC*JI ljLÛ> j^j^XÂ Jl QÎÙ /XjuUC*J ^pJI ij^ÜjuüJI 

. J exsS cJLaiJI Ô3ÜJ 
1 pJjjUI v_sx 3 /xj lil ljJ> Jo^jLuuJI bj-bü 

. cJLûJÜI Jbïuo ^s 3 cLb^ü-juj cüi_Luu03 t v^L-ajuüI c *ÜjJu3 ^JLc 

a G ^jLuuüJI CL^J^UO _ 2 

cüJ3 j-Jb Jl>3j /xjuul^JI Ol lSI . v_sOojl &>>o v_s^3 LojJI Jbtjo v_sx 9 vJL^> /^juuc-J ^pdl Id3JLjuuJI jjüsù 

. JoüS 

g — a G ol ssl P - m.g = ma G : vj^WI o^jLqJI ^Jcü 

cUjuo^JI cJ^U^oJI _ 3 

: ^sOLc Juzi^os cis\JLsdl JaiOuju JAjuü\JI 3^0 < 3 j> 3 joJI ( 0 ,k) /xIsjoJI v_s^ 


ol t 0 = 0 cJôj^JJI Jla_C Jl>U . ctuJuJI C CLûUI ^JL?ü CL — g 


dv^ 

dt 


'• g =>v= gt + C 


. à^]oL> cujuoj cJb G clc>juj ol £üjLOuüÜ3 V z = ûl lSI V g (t = 0 ) = V () = 0 

: z(t) ,>C Ojl^jü CLQJj^JI < jJULâjU 

oî t =0 qJôj*JUI Axe jl>L . cuJaJI JU C A clûLJI dJLIjS é v = —^- = gt z(0 — — + C ’ 

dt 2 

clc^juj O3JU ^_JLzJI /xjuul^JU jj^JI i>3iLuuJI ci^^pJ ctuuojJI cJ^Ls^joJI ol sSl C ,= 0 0L9 v_sJbJb3 z( 0 ) = z 0 = 0 

1 2 

■ z(t) = ~gt ; QxjJI /xJbijo LâijLjL>l /xj O clLlqjJI ,jjo3 clJjü 

y> k^SUuJ v_ 5 x 5 CLC^_*jJ O3JU ^JLkü v-SxJI ^lJLzJI /)LuUL>\JI gjuCXJ^J CLljuUüJIj L^jOoCXS^ <=U^>Ls2joJI ÔJlû^3 

. />LbjuU O^JkÀÜO ^JÜOüLftjuuUUO t jJJÜLÛjU JqÜjuJÜ L^jI l 5 I 
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! 1 v_5v>0-hJq^ 

/diju0u03 Juol^ûo /ylsio V_sv 9 CU-juuIjJu \y> Id^ÜjuüJI JJÜSÙ . CLuJü CLC>juJ O3JU LjuüIj kà-uJJ — I 

. JjLajü\JI $S*û c L>3j03 i^juuIj (0 ,fc) ùjpxx> 3 l(OJJ,k) 


? ôjül j 3-^3 _>>>0 G jLuUUO QsuAï Lo _ 1 

v_sv^ I03 T /xjuul^JI ÛJ3 />lol IfJLo^J v_s^JI <*S3 -ûJI Lo . lg_b3_o_juu cLuI ôjÜI ^jOLc clsLlLjoJI «33ÜJI >prl — 2 

JLos^VI 1-LgJ /> 3 -Qj v-SvÜ i 53 >jJjJI 


. G cdaiijJÜ z o*^ t ch 0 ^! ><lc _ 3 

. h = 2m v-5^-lci5L/ . Jl ^_5\JI ô^y^UI Lpj jJ^ZXjLjuü v-S'jJI c Lc^>-juuJI ^jk_juüJ> I 4 

v 0 = 15 ,Om/s LS3 Ljuüu ^_$\JLc\JI q>j L-jujIj oJLjuuj ô_^SLJI ^3 *&$ jSjjoJ t —0 ^Uô-^JUI v_s\9 ^luJüJI clc^>-juuJI II 

^jdc^l $s*û c L>^JO ( 0 ,k) v_Sv-aj»jIj j3^uoJ ôjül j 2 *£lâ}\ jSjjoJ CLC^juuJI V cLuI_Xj>\JI j+jSÜ i^cl — 1 


. 51(0J , j,k) ^JôJuojoJI 3 JuoUixxJI /JjixxJÜ 
. cuuo^s < G cdaiijJU Zm ^s^aS^II £lâjj\U clûsI^oJI cüâ^JUI qjj\j tM >h^j -^> 3! _ 2 

. Z|V| CUXa9 ^_a_ajJL> I _ 3 










R 


£ 

oJL o jxmjokJ uSVjujIjJI b$sujjJ\ 

^jüÜJaàJI fi$lsà\ dULuuuo c Uu a pjJI jo^JUül^ cu^lijJI jo ^JL sdU 

■ L* LoôJ I ^ajOw%J cu_mjJ U 

: cLoJU clux«JI ciJUSJI p air =1,3 kg / m 3 : cl^JU <uxx«JI <^JLlSJI < cJUlüI Jbto ôj_à/ g - 9,81m /s 2 

V = ^r 3 : ô.p_=l,0.10 3 ^g/m 3 

v5>>[ o>o >^JI ]o$amjJ\ 1 \jjjjyj 

. IpJo^iLjuü <jjo ÔjjC>\JI JjlS Lo CLÛÜJI JlJlC 20 m ëL 9 Luuuo g-lo-Q-'i Igjl CjuOzj eLuJu cLCj-*ju O 3 JU ÔjS 

. Ijj> ^^îLjuuJI ol jjüsù . g= 10 m/s 2 _l>L 

T Ig-b^iLAjj ôJuo v_s^Ijo — 1 

. 10m ClSLuUUO Lp-sJo9 J\Jj> àjj$J\ ClCjuuJ VljuUL^I _ 2 
, gub-JUÜ ^sJJ JülC IçJlCjuuü V__jk_juJLl>'I _3 

2 

ôbol jjuUL&j v_sv3 «-S^l ÔjS J^jüjJ(Is) euûb -Xs ^3 t OjS V Q1 = 30/71 / S AjuJu eiC>juuu ^svJLc^I 32 O 

CU9 uSvii^Jb-juj sSjJI Z g^ 3 joJl 3 t cÜôj^JUI :>Jl> V Q2 = 40/77 / S ëujju cI^huuu < ^jJLc^I 3 ^» < ^3^1 ôj5ül 

. objUI 


Qj*j I 3 J 9 iSnJLsud Jd^jLuu 3 <jj> 0 j 

Jc>b3 m CL0JI3J3 v_sObaxxJI cbLi 5 . <jjo h £,IûjjI usOLc Jc>3j ôjJlb <jjo <^jojl3J3 v_svJLojo >âüj 

. g= 9 , 81 m/s 2 cULüJI Jb*x> ôju^ cuoui 

f = k.V 2 dlÜL>\)l 03ÜJ lpJO>juoJ <j*Suoj v_sJ-bjoJI ^sOLc CI3-3JI <jjo <UajibboJI l_S3üJI ol J-^qJ 

. k = 0 , 785 / ol 


. ( SI) oIa^JU v_ 5 vjoJUlII /jIIôjJI v_sv 3 k cluUI ÔJ 03 ^U^\JI ëJ:>b^ <jjo ls\JJajl _ 1 
l^>£*>3(O, k) v_sv-ajuI>II j3^üx)JI jLicb CL0JI3J3 v_sOLbboJI 1 d 3 ÎLajj J\b> cuJLolâJI <=U^>LszjoJI -^>3! _ 2 

. jJuUJl*jOJ>jI CU 29 b JjO^j . JjLajü\JI 
. A t = 0 , 5 s vbuO^JI Ô 3 -Ll> jlOO OjuC> jjJ$\ CLfiJ>b JjO^OuUÜ t QjOjJI J\L> CLC^-juüJI jjl 2 J ju Jc^jj _ 3 

cJ^l^joJI ol ij+j t t n+1 =t n +A t CÜÔ^JUI ^LC>juuJI V n+1 3 t n ciX>JuaJI V n o^J 1-3 

! v-jObJI J 5 AjûJI <> _5vJLc v^jûiSLf ol q^uoj cLqjLjuljJI qJL^LûJI 
S A = 4,9SI V n+I =v n + A-B.v 2 n 

.5 = 1,95.10" 3 5/ 

v_svjoJbdl /)LbûJI v_svS B 3 A qujJüuÜJI ô_Xj> 3 ciSJu 

. olJ03JU 

oI^aSj JJîjoj sSjJl3 Quûb> ûLuuoJI JLcxsiiOjüb 2 _ 3 

o]cuuj\$j LpjLuUL> pj ^oJI t ^J\J-Xj V CLCj-juuJI 

: t clqjLjoJI cis\l5dl 

^jJJ <^ojl 3 J 3 v-sJLbboJI ^ojUJI ôJuoJI j_x 3 àu3j _ I 

t CU Jl^J I Q£,j_ iu jJ | 

/c/77 / // ÔJL> 3 Jb L^jlC >S^3 ‘ ^U-X^JI clc^-ajuJI ëUou^ _ v 

JjjoooJI — £ 


80 


v(nV 


s) 


70 


60 


50 


40 


30 


20 


10 


t(s) 
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£buuüUO vJ\3 z\$4J\ 0*0 <^clft3 : 4 

JjlûJ . t = Os CÜÔ^JUI Jül£ <JjO 6 jjS^> CLclûS jjjüÜclC 0 JL>I Z 0 = — 3 , 0/77 ÜjuC> ^UljuUUO ,J^OX v_Sv 9 

. JijjJI CLclüfiJI ül 
■ r(z 0 ) = r 0 = 0 , 50 mm clcIààJI 0^53 Uju 

. T 0 =300K : cuûü clcIqâJI I3 sloJI àj\y> oj>p 


Peau(z) = P a 


0 m 


<■0 


v 


Ô 


oI_>jjojo Jacl /yj clcLo.o. 1.1 rn <Uj6JI 


PgZ '. <uJUI cL9\JLsaJI J\L> |JjO Z Jj/xfiJI J+SÏJ £u-jujloJI i.S'S cLoJI J ClSLuO 

Z=0 cLoJI £l1qj-u ,_sJLc JaàzJI p atm = l,0.10 5 Pa 
< cloJU «UiSJI p -1,0AO 3 kg /m 3 

. cUlftill Jbejo ûjlaîj g= 9 ,Sm/s 2 
1 _s\3 cLoJI JaàJo t-^L-uu ^cLoàJI i_s\ 3 i^^joJI cl^gjl JoàJo 

- ■ Pair U) = />««(*) °î sSÎ <*^xâi 

. 7 ? = 8 , 3145 ./ ! cÜjoI^JI oljLâJI cuüb v_sJ^is2j 
-^> 3 ! t Jjol5 jlc clcIqjUI ^3^3joJI cl 3 -^JI ül J _ 1 
. z j^sdl cJ\Jjü r(z) clcLüàJI ^LslaJj 

. n aï> cLclû-âJI v_sv 3 ô^3^3joJI I ô^Lo cLuOsS — 2 

. cloJI 5-b_Juu ^jJJ 1^13^3 JÛC cLclsLâJI ^Uz-aJj — 3 

) 10% fJJO >xâJI ülS N t CLclüflJI ^UlaJü jjlSZJ JjO^J 

_ . cluJuJI cUxjüJI qjo ( cüiJLbjoJI cLouiiJb 

T qJlcxüJ <j5uoj 

jul^I < M(air) = 29 g ! mol cl^JU qJ^I qJLSJI cülS N _ 4 


. CLclsLâJI ÜJ3 P cLg_^iôoJI 

. r 0 ^UlaJuJI cJ\Jju clcLq_ôJI lg-Jj g-Ziiü v-s^JI P A ^-Luoj>jI qsl 9 b oIj^jouo JclcI _ 5 

/ =-6 7T.7j.r 0 .v : usJbJI vjm& 3 gJloJI dJU&ü>\JI 039 di35 cl^UlôJI g^ü _ 6 

. IpjLCjuuj q^szüjqv 3 clcLq-ôJI r 0 3 cLoJI ^l>3>J 77 = 1 , 0.10 3 Pa.s ül Ouptj 

( />JLuu Ü3JU ) . clcLqâJI ^jOLc cüL|lL*joJI US3ÜJI cuLü ^sJLc Jjlo 1 _ 6 

2 _ 6 

. û^jJI ^U\Jjü clcUâJÜ 
v(t) = v jl {l — e tlT ^ : v-sJLJL$ 3^ ^JLblôJI cJ^lsxJI _ 7 

! cuJUI ^j^LûjoJI ^ 0 ul 9 1 Æ — B — 0 CjuIS li>| X ^Xx-qJU cUljuüjJU 4 joJlS 2 JuO A + B6 ül jLûLcb 

. cüJLz>IàJI cJ^IsjoJU \ 1 ^> v(t) ül jlsicb T 3 v £ 

. cLclû-àll àj^jZxüW clc^juoJI _ 8 














ëu^uuuuoJI : oüLuJsü 

Application M mouvements plans 

aJIaJI Jbco ëùjjid °S >> _ I 

gJo-JUÜ jJjO Lu^9 <_S\JLu ûl Vq ^jUJU CLCj-juUU I gf-b-AJU <JjO cJLuJjJ /XJ /XjuJL> J5 CLûJ _X3 v_SUXjuUÜ 

■ uô^l 

lSI JoüS cLslzjL^ clûjÂüJI ûl jjüsù$ i cl^JI g/> Jl£o>\JI iS$3 Jjo^j « cOuuljjJI ô_)lû> J\Jj> 

. Jo^-g-juü 

P jLuUüJI <l^jüO — 1 

&° Gt S 13 IJ Igjl Vr?l Vq ^L*jJu cLC^juüj m cdL^ ol^ ( ) cLûjÂS 0 cÜaüj <jjo 

. /xJàJüuo cJLüjJI Jb^uo ül jjüsù .ÜÛüJI cü 3 ljj Æf ^03 l^>JI v-S'-xx-ajuü j Oxy ^_svJiS\JI ^^JOjuuoJI 

J5 v_sx9 cLûjjiLlI j3-^i3 jSjjo G g^l^jo /xJL^joJ CjuOzj c LJLJLi: ôjjiisj v_s^jl &>>o v_sx9 cLâjjL&JI <jjüjJu 
■ v_süoj\JI &^?>oJIj i^ü>o 31(0, i, j,k) /xbbuouo 3 Juol^ûo /xL^jo v_sx9 I^jIjuIjc^L clL^J 

! ,jj 3 jjJ v_sxjLJI Ü 3 J loJI ^ 3 -Jaj 
(i) à G = g £ Uj 03 P = m.Ô G ül lSI JoüS Lpjj3 ijJ| cLftjÀfiJI g-aàJ 

\9t{0,i,j,k) /jiaoJI ^ a G oLîIjü>| 
U x =0 LojJ (O,/) j3^loJI v_sJLc 
a v =0 LujJ ( 0 ,y) j 3 ^joJI ,_snJLc 
a z = —g LüjJ ( 0,k ) j^^joJI l _sJLc 
cpü ,_sJLc\JI ( jjo L&bcjuo ^juj U «G gjLuUüJI ClgJ^ÜjO ül lSI 
. g cJLaiJI cL^ïiôo /xkbuo IüJlC l^Ljuu Ipjxbûx^ 

«ÎCjuuuJI CU^jüD - 2 

! gjLuUüJI CLp_^ljuO ^j-juUL> LjjJ 



dt 

dVy 

dt 

dv_ 


= 0 


= 0 


v*=Ci 

V y=C 2 

v=~gt + C 3 




■ = “« 


. CLuJuJI Jo3^>-jujJI <jjO L 9 \Lbûl ^Jl^j OUI3J CpC^C^ 

( Oyz ) ^3^ julJU0 ^I v_sx 9 jc>3j ctuJuJI clc^>-juuJI cLp_^ïijuo ol 

: LùjJ t n = 0 clIôj^JLII julc 


03^-A-JUj ^5vJLjJ^J3 Vq 

: v_sxo> 31(0, i , j,k) /xlaxJI v_sv 3 clc>ajuJI ^_^ôo oLjIjl>( ol ls! 


v o,=° 


v o y =v 0 c°sa 
v oz - v o s i n a 



















R 


( 2 ) 


v,=0 

V y = V 0 COS a 

v z — -gt + v 0 sin or 


^G ' 


dx 

v — — = 0 
1 dt 

dy 

v = — — v n cos a 
y dt 0 


dz 

dt 


v z = — = -gt+ v 0 sin a 


\ «iSjjcJU «Vjuo Jl oD^UuoJI _ 3 

: LjjJ 


x-C 4 

y = (v 0 cos a) t + C 5 
z — ~~gt 2 + (v 0 sin cx)t + C 6 


! Lâj jJ t Q — 0 qjajJLi I i_sn 5 cul i_sl «ÙjJuJI Jc^^juoJI 1 jjo làMJajl Lâ>JüJc%j C 4 ,C 5 ,C 6 ol 


C 5 = 0 olà »_sJLUU 3 OGq < 

C 6 = o 

v_scJl 5 s^ 3 t( 0 ,i, j,k) /jJæoJI <^s t ciià^eJUI v_s\S G cüaiLJI oLîl.u>| v_sJLJL)3 


c 4 = 0 


x = 0 

ôg\ 

z = ~gt 2 + (v 0 sinor)? (2) 

ol J^JL» (Oyz') ^/oûîj ^ ol Qjujj o^laoJI ôJuî> qjo 

CU 3 JÜUÜUD 

cüxtüjuo <OjOuJîOuuuo G à<>y> £ (O, j) ^jOLc _ 

. /jltbüU ô^j-âjuO CUjOuJÎOuUUO £ (0,k) j3>joJI ^jdc _ 

jLuüuoJI <U^lao — 4 

t jjj^uoJI clziSb Ig-JLc JuZi^ü3 G ci5jj^üoJI clLxüjJI v_sCÇuIjc>I Sh 0 ^ St^I 33\Lsdl v_s\jï> jLjuuuoJI 

■ z 3 y o^ 

! ^JvJLc ( 2 ) 3 ( 1 ) QuûuuuOjJI QuûJ^Ls^joJI QjO 


j = (v 0 cosâr)^ t = 


y 


v 0 cos ar 


z = -—g ? 2 +(v 0 sin or)? 

: v_s^ jLuuuoJI cj^lax) ol lsI 


z = ■ 


g 


2vq sin a 


y + y tan or 


qJLaJÜI JL^jO v_S ^5 c Li-juüI j jj-C Vq ^LuJU CLCj-ajüJ J03-2—juJ CLûjÂS jQj&S jLajUUO ol (^UuuOuUU 

. V 0 cL^iôoJI Le sSjJI v_S^-j»j»jI>JI <-S30uuuoJI ^jJI v^svjoJCu /xj*JLJj <jjo 3_û> /xlilCuo 

jLuüuoJI Ol jjüOüD tj OSU — 5 

. CUUÂÜJI j3-^i 3 lg-J| J-<zaj °lkLQj vjOLcl ^_sv-â^ (l3 flèche) ! jLjuuupJI <Ux3 — I 






























1 Z 


jLjujdJI 

->^9 


/ 1 

. / 1 

Z/^o 1 

ii // 


K a 1 

f 1 •% -- 

\v 

- -Si, 


LujJ F jLjüjoJI QjyS ^jJJ cLûjJlqJI 

y = y F J cujuuuJU — = 0 

F dt 

: tjJLc (2) cü^laoJI JM> ( jjo 

v 0 sin a 


dz 

dt 


■ -gt F + v 0 sin a = 0 : 


g 


(1) clblsxJI ,_s\S t F 


y f = 


v 0 cos or sin «r 


« 


v,f sin la 

y F =— 


2g 


Vq sin 2 a 


2 g 


ùlS lij jLujuoJI ctoJÜ ^j0o 3 ,_swi9l ^^JLc J ^ûoù '. cÜo^JcJLo 

t , . K 

. ,_5JLc\JI LjujIj ciftj_i9 JLaajjJ £Ül>- v_svS lsI a — — 

la portée iSjloJI _ w 

JogAjcü clul G cdaÆjJU P &J03J°Jls IpâMJail «übJifiJI _jS_>oJ G 0 g^o^joJI qjj ^LujuoJI 3^) 

. Go JjCXjCoj iSjJI v_sviiS\JI j3^joJI (_sJJ P v.S'jOùüJ iZJuÇzj cLfijjJjJI 
z P =0 : LjjJ < P cüaiJI M-H z P 3 y p 

ùt est 


JP 


g 


v 2 vq cos a " p 


y + tan a 


= 0 : 


y P =o 


ou 


y P = 


Vq sin 2 a 


8 


. jxbüJja {jSLuj jJfrS Jbtjo uSvS cQyouüuo cüu3^ a £>> _ II 

v^Luü^I dbuJI-1 

tçJaiü i_ 9 _>Jo (jjo Cj_LsjoJI <JL%joJI _ I 

aj^zlA M qJaàj v.S'S LSLuj^S \Jbejo i ( jjo O asü v_s \3 J^>3} q L^JClSuJu qj^SuCijuo ùJeaii 


: ot É(M) 



(C) q 

N 0J03JU F ^>03 
(A /7 C) v Jb^uoJI ôjuuj E 

: cl^^JLo 

q > 0 ol cJL> ^3 F -qE _ 
^ < 0 CÜL> F = |#|2? _ 

ô ^3 L _sJ| vluC> v±JLJb v_sv 3 cü^j^uJjuo cüij 3 ^ lo clLüj v_sv 3 Jb*jo ^>3 J>u — 

. c ijSLjuJj^S 
Jb^joJI J03 lo:> _ 






























R 



Pi 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

“h 

+ 

+ 

+ 

+ 


cLg_^ùo ( /JuJUjuuuo 3I ) ^sU^duo J 5 q^LjUj^SJI JbsjoJI v_SvjOouuü 
. Q^xsü { jjq citiüJ J 5 v_sv 3 <lJ cLjuüLouo ^Luüj^SJI Jbïuo 
/xliliuoJI JbïuoJI _ £ 

qjo clËlqj JS v_s^ < £ «ULgcUjoJ ûlS li>J LoJîüjuo qSLuuj^S JbfcxJI Ü3S-/ 

. /xJôJuoJI ijjülôJ^ vJO^ijuoJI < jjulqj 3 ôb*j\j| < jjULQj 1 cüoiij 
ÿX ôjLlC JbsjoJI I^3Ja> Ü3SJ LoJcüjuo û$Vjujj$S]\ JbfcxJI ülS li>| 

O LoujjjLjuULO 

<JuU CjuÜ ^jOÛLajüUO jJ$J ^j^juJoÜJ /xJôjüuoJI ^S LuU^gSJ I JL*joJI ^ÔS*ÜJ 
v__s^-jJI d qsLuuuoJI CH° _>SI ^Ls2jI Los^J Qjûujl3-j^0 QjûujdS QuÛl^iaJLi^ 

. Lo^JL^lûj 


U=V P -V P >0 : JluJI 


LjjJ 


Jj£\ ^Lszjl Icxgj tjuûujjjs [JuÜl^uJl & vjOLc U jjOJLajUUO v_sdb^gS JJ3J ^^julIcÜ -UC 

E ^Lujj^SJI Jb^oJI cig-^üo Ü3SJ Lo^JL^Lâj v_S^JI d ctsLuuucdl qjo jjuSj 
L^joJîiJuo 3 cbuZaSLJI ^3^j?JI 3^ ëlçs>$x>$ Jl ^jdc CU^3XXC3 £ CLûb 


Jl 


u 


E= ü 

d 


! 3 


O 


v 0 


(V) JaJ3_ôJlj <juu ^lLloJI >j3 ^JI £/ 

1 l | jjÙi^JLSj^J I (jjJ cdLzjlàJI c^LuuuoJI d 

V I m eue jjsù o^Luüj^UI JL^xxJI ôjuJj E 
< pjfluüu> jjSLmj> 0 ^ Jbuo L$sd Qju3^ àSj^> . 2 

Jbüjo v_sv 3 Jl>3j < Û3 jJiSJJ \Jjuo < 0 ) ûl Cjuû^j q cu>uJj3 ITI qJLS oli> £ cü3^ijJjuo àJuSs jj^sù 

. /dcüJuO ^SLuiJj-gS 
; qJU3jJ| ^jOLc cLaJaxxJI < 33 _qJI vpr 
. F />lol CÜJLjuJ JjO^gj <-SjJI P Lpjj 3 ^jJl 3 P — C[E ül CUSLuJj^SJI Ô 3 ÜJI E 

/ylsu) v _$\9 Ig-Sp* sLu'l ëla^jJI ^Le QJ3UJ v_sOLJI C^jIqJI LJLJlc b^>>cx 5 v_s^jl &>>o jlucU 

! g^r>oJlj JojJ^jo 

. cüuSjJI gjLuuü cl^ujo 5 uu> F = m.5 
qJàj*J clûjl9jJU cLuJuJI clc^juüJI 4^jüo V Q ôbïiilj clûj3jJI jLuüuo ^IsUj 

! E ôb^j\J cUjuulJIj £ /xJàJüuoJI q^Luüj^SJI JUïjoJI LpJ3J>^ 

Ê gjo cujI^Juo v 0 : cUbJI 

v_svS O cdoiiJI v_s ^9 E yj<>Lujj^]\ JbtxxJI (q < 0 ) c(jU3^ Jj>Jü 

. E gjo v 0 cLc>juJljf 0 =0 cdâj^JUI 


—K - 

q<0 


Ë 


à = — ^a =—È 


m 


m 


C0\Jbdl LüjJ 


gprj joJU /xkiJuojoJl3 JuoI^juoJI /xisixJI ciS\1slII ôJlû^ JoiL 


v a> v c 


cLp_^j 03 ^jLuulJI cl^UjO oLjIjoJ ^sOLc JuZi^US (0,i,j,k) £ 

! cuJLJI ^UjJuJI Jo3_>jujJI jLucIj £ ^«i03 j od CLp_>ijûo3 cLC^^j-juuJI 




0 

0 3 Vol 

0 























































R 


0M\ 


l qE 2 , , 

<?F f 

*M =-“- 1 + V 

V * =- ? + V 0 

2 m 

m 

II 

O 

V© 

< 

v; 

II 

O 

Vo 

Si 

N 

II 

O 

v z =0 




a = — 


qE 


m 


a y = 0 

a, =0 


ciS_p> joSj Jj (Oz) s(Oy) ,_s\JLc tllLüî) CjljujlJ cül o\)ilaoJI ù J\L> (jjo Q±àj-iujJ 

XÂJ U ÙjjlSZjlQ QuOojjiûuUUO j$2cj oJI Ijlû> ^jOLc clûj^jJI c^^py 0 L 9 v-sJLJIj3 (Ox) ^jOLc clûj3jJ| 

CLÜoLûuO /)l ^LCj LjuUÜuO ô_X_d) ,Jjî> 

. ^LCj LjuJÜuO qjjOuJiLjuüLD V__svj Ljj L/3 ^ ^0 ■ V__svj Ljj I v_SVJoJLjuuJ I cljpfcJi JuJl^UU 

jiLzJI ^JLo^jO Û 3^JiSjyj Vq CLuJüJI CLC^-juüJI O 3 SU ÛjuL> OÜ3 > i5J\JI g3_)U0 : 4d^b>* 

: v_s^ û3jJi5J\JI o\J^U*x> û35u cJbJI ôJlq^ v_svS 


eE 


X- 


eE 

v x =—t 

m 


eE 


- - 


2m m m 

^jOLc <iu£jS*J\ CL 9 LLJI cuj^^juo ^juJo^j dJJ^3 T v^*JI Û3^JiSJ\JI Igj v_ 5 ^JI ^LC>juuJI v>L juUL> 

: T 3 O <jju 03^jlSJ\J I 


A E r = W (f) => — mv 2 = eU Ar 

C O^T V / ? AC 


ôJLûi ûl JcL>\b3 cullc ^LC>JuaJI ô_Lq> Ü3SU3 


2e.E.d 


m 


U Ar = E.d =^> — mv = eE'.d 

ac 2 


! v_s^ û3jjiSJ\JI û35u v^UU3 


^^JUUUOiS ÛV>jZljU jJ^Luü^SJI JbfcxJI ûl J 3 ÜJ t E û<>LuJj$S2\ JbtXxJI ÔJUuU OJuljj LcxIS jjSj CLC^-juüJI 

. CÜUdJÜU 

È cssJLc cu^ 5 J 0 x v 0 : OjJUJI oJbül 

Jb*joJI ^g_2*ju0 ^jOLc cU^jcxC V q clcj-juuJU^q = 0 cÜô^JUI v_sv9 < 0) cü3J*uJjuo QJuSs Jj>Jü 

.0 cdaüJI v_svS E /xJcüjuoJI 



































R 


I . -_qE 

I &>>0 CL — - 

m 


! ^jLuuüJI _ I 

! v_s^ E Jb*joJI v_s^ ciiuSjJU ^jLuuüJI cLp_^juo 


Ë = —Ej CjuS> (O, i , j ,k) /jJôjuOuoJ I3 JuO Ls2juoJ I ^oJLs2joJ I v_S^ ^S\lsdl Jo-O-juUU 



a x=° 


qE 

a< 

a y= - 

m 

a z =0 


ol v_sOliJI O^jLoJI J\L> <JjO güuui-juUÜ 3 Æ 


ÛL 


a y s E 


0 

-£ 

0 


CLuuOjJI o\J^I&joJI _ 

cuJUI CLuJuJI jLùLcIj 


cUjuojJI o\J^UiX)JI ^5JLC3 V< 


qE 

V y =-* 

m 

v. =0 


: clc^-juuJI Cl 0 _^iôo oLjIjoJ ^sOLc JuZIjO v 0 


0 3 OM 0 
0 



X-VqÎ 

OM< 

(N 

s 0 
^ h 

J N 

_ j 


ol lsI (OJ,j,k) /xIs^xJI 


^pûu i Vq c OjJuJI ^LC^-juuJI Qÿ^cLo ^_$vJLc >oJôjuuO ljuLr)_g^ JL>jo v-5^5 cÜLaSjJI Ol ^OLiuLjuuu 

. CU 3 IJUUU 0 v_sv-^-9 ûi>|(Cbcy) ^ 3 JüuuuoJI v_S^3 

cLoJôjüuo cLuo^JÎO^ ci5^>(0,/) j 3 ^joJI ^sOLc 
. />ILluIj ôjji^uo ^jjouJi^uuuo ci5^j>(0, j) j3^joJI ^sOLc 

t jLuUUoJI cj^lax) _ £ 

■ y(t) 3 X(t) < JjûJ^Ls 2 joJI <JuU t <JjOjJI slzi3U jLjUUoJI cJ^U^jO ^jOLc 

. g<0 ol 


y = - 


qE 


2 mvi 


\ LujJ y(t) cLuuojJI v_s\3 £ — — 


ÔjLc v 0 cLuJuJI cLCj-juuJI CL^IÔO ^jOLc lS-^xC ^JôjLiuo Jbïuo v_sv9 ^ 3 ^-jJuuoJI cLûj<3jJI jLjuuo 

■ />J*JLuU (jjO 0 “^ 
: ^Luüj-^SJI JbfcjoJI QJO L^j>3jJ> ciki^d clûj3jJ| ^ 

! lcx& ^Luüj^SJI JbsjoJI <jjo cljuSjJI cdaüJ S v-sOLjIj^I Ol ô\Ld JijJjJI LojJ 

x=£ 


n 

clcj-juüJI O^lfifljl V_sv3 £c — — clIôj^JJI Jul£ S cÜaüjJI v_s^ cüuSjJI S 


y s =- 


i E e 


2 mVn 


v s< 


v & = v o 


v Sy = - 


gZs 

m 


^ t A 


v v o y 










































R 


ol 


sS S \jJ\ ^jvjOs-juuü OC CU3I j < ta _s'-û3^ll ôb*ü\JI go cLg-^ûuoJI Ü$Su 


V 


tan a = — = - 


qE 


v 


Sx 


mv n 


: ûZLujj^SJÏ <j)Lpd\JI _ 0 
: ijZLuüjjSJl JbtoJI IpjjïisLo Ju^C clûj3jJ| c\SjS> 4szju±b 
ljuuo ^jljuuo £ qJlcx&L^ biÀS Igjj 3 v_sv^ Ig-JLc cLaJcuJI <33üJls ^Lujj^SJl Jb^oJI <jjo lg_> 3 ^> JulC 

CU^ 3 J 0 X. Q^SLjuJÜLjuJUO c L_xjJ LajUU ^ jJoj^üd . v s cLcxIiüJuo cUjOuJî^uu^ ciü^jJI O^J j$*æsl}\ 

cüLlSjJI J)\Llajl cdaüj 0 cdoüjJ^ cLaJjLîJI <juu cLLdIsJI côLuuuoJI OA’ = L v-sJo^j . (O,/ ) j3^joJI ^^JLc 
JbfcxJI v^»Lc V_sv9 />IjlLz>I cdaüj A' cdaüJI fjuu qsL.uuoJI ^3 Ôlj^üDI D e v_svjOouuü 

! LujJ JijujJI J\L> qjo . q^Luüj^SJI Jbfc/JI ^>3^3j /jIaJo^I cÜoüj A3 q^Lajuj^SJI 

c c AfJ 

D e = y s + (L-^)tancif ot ssl tan a - - 3 A'H = y s ol D e = A'A = A'H +HA 


L- 


\ LujJ cLqjLuüJI olàUaJI 


^jOLc ^_jûî5u ^_s\jJ I 3 D e — — 


L-*) 

2 ) 


qUl . 


t/ 


/ 


mdv. 


: q 3 \Lsd | £uu£Ü £ = — OI I0U9 D = — 


0 


i-* 

2y 




mv n 


f 


K = 


A 


L — 

V 2 y 




mdvl 


v_SV-Û^ K OjuC*U D e — K JJ \ v_sJUI JijujJI 


QuÛl^uJLi^JI QuU ^ixoJI JJ 3 JI gO I^IjJoI V^jljuüLuU LjuU J-ÿSJ I V»9lj^j\JI Ol (^UuuljuUU 

^ 3 JI go v_S^-jwjI>JI <*-9ljJ*ü\JI v^jljuuL ûu OajC> £ v-V-LJI /XjuüIj JlâjOjul ljuuo <*3^9 ct^L^JI ÔJlû^ J-âjOjuÜ 3 
jlz:J l ^jOLc ^ 3 -JojoJI >3^1 go v_sv-Q- 9\JI v^9ljjO\Jl3 <j^ji9\ll JLZJl ^jOLc ,JjjJaoJI 

: jvâjuJsu yjjjjxt 

■ V 0 — 10 fît! S £ CUÜ 3 Ï Vq ^Lu Ju ACj-ajüu i-jjujû ^OouüIjJ qjJL*jl 9 Î Qjjuj-J^ QuÛl^uJL^ qju 03 _>j^ 3 } (^-L 
J5 J 3 _b 3 d —4cm quu AJL^LàJI côLuuuoJI i U = V p —V N =40V { jju JJ 3 JI 

. i-6cm Lo^juo 

E q^Lju^-^SJI JL^oJI VqjjJslo ajlc o S j ^\)U v-s^-j^IjJI JLqjo\JI ^Jjuou v_solJI AH ^sLjuuuoJI ^_jljuul^ !_1 

. A CLklfljJI V_sv3 Û3^Ji5J\JI CIC^JUÜ Q^jzlLo oljjuOuO 2>AJ> _ 2 
O cdo-Q-J I 3 c ISSLjuULiÜ^ c OûjLjuijJI QjJ ClJL^LûJI ÔSLjuUUoJ I . Z) g v_S^JL^-P-SJ I ^9l^>^u\JI CJjOul 9 t^JLJuUL>l 3 



L = 50cm v_s^ 

Lo v () = 10 7 m/ s clJjuJI clcj^jJL 03^^53^! ô^j ^sSJ 
D e jjulSZÜ JL> 3 l cJL o^jüuUI ^_SOÜ I U' gj^JuUljJI ^J0 ul9 

U '3 U cJ\Jju 

s^Ad^JI JclsJI &o a^6° _2 \AH\ = 3,2.10" 3 m _ 1 

Vo ^LCjjjüJI LjjJÜ ^LajÙ <^£_)_<jaJI 3 

U' = 2S2,5V 3 D e — 5cm _ 3 
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■ j xiûüùLO J\juuüJsu&jo J buo jvd <liu9^ — III 

ob 3 ^>jiSJJ <JjO CLojJ> ^jOLc JL^jO Jjj\j — 1 

AjlC c Üoj>\ 1 joJI jjjulQj . cLo^pJI .kL>\Jj £>âjo CH° ujuu-Lûs^o JÛC ! cir>J*j 

jjjUlJoÂ^oJI V_syja9 v_SVSLZ53jO <jjoSLc JUlC ^SNj^fcJuO jjiÜiU . j\jJ Qj3 jjOJ S 5 VJ 3 J <-âJjO y^jJjSÜ 

. v-SV-J^JJI ^ûJLoJI ^_sS jloJI v_S^jljj^SJI j\jüJ\ ^JOduO jjjoSLs^ 3I 
03ÜJ i^svSLû ISuuoJI ^üUI IJlû^ Ojâj . cl3^JI qjo ^j^joJI vs-h^I ob3jjü\JI clojj> i^sJLc L 5 Lû 15 Luo 

L^jljjuOuO v_S^ Lo . ^juUULkûâxxJ I Ô 3 _qJI ^JVjOouJÜ 
t Ô3ÜJI _ 2 

^juj3^ ^- 3 ^J-C 1 _ 2 

5 OlÿJzJjQ v-S^uULsbû^o Jbïjo Jj>b V lg_ü^-^uo clc^juüu viljJ^Li C| cU^ijJj oli> t cU3^uJjuo cLûjj 3 ^ &æô*j 

\ cuJUI q 3 \lsdl Id^A^j 033 ^svjo^juuü F 033 ^jJJ 

. F Ô3JÜI oljjuOuO ^LuuLjuüI ^JjO Q^uOJ F 3 QV C juûLg-^ïiiijoJ I oljajOuO ^L3^S2 jO 

Ip-JLc ^3 jlLü v-SvjJI cLhuuuJ:^^ ô3_qJI />Lol ^3 J^jJuuoJI ciüj^jJI ÛJ3 Jjo^J cUjuIjJJI ÔJlû> J\Jj> 

^L^juüL^Û^oJ 1 Ô3ÜJI olj-uOuO 2 _ 2 
: jjjj3J 033 oI^juooo 

. cq^lo clLlqJ lû^locU Ip-juULQj cLûjÎïjJI jjuUI clLlqJ _ 

v ^0 _^lôoJI ^jOLc cu^3jo^c F i (v,B) q]cuuj\$j ^a^joJI ^3^juuuoJI le lS^3jo^JI : j-JUI Jo> _ 


F = qÊ a B 



. F ^_^jqJ| 

. I^-jujLuO (^V, F, F) <^ 3-11 v_SVJ^ij vJOtiuoJI 3 ^ ! ^S^ïiiuoJI _ 

F = qvBsina : ôjuJjJI _ 


(C) v cül^jJI cu^ljJj ! q 
m/s v cu:>juj : v 

(T) I^OuülJûjl&oJI JbfcxJI ÛJLjuJ ! B 

F gJO V V_S^JI OC 

(N) yuj$l 033 ôjuuu : F 
; qib3 ^JLo 

Acl3_aJI ^3 -sLl; F cLgetûoJI ^joûjq ^jvle J3-£LaJU LJLcxe . q ôjLjjJ jjSüj, F <_s\j*juo 

. B ! L-juuJ I . qv /jL^jVI ■ -X-JU o\JjJ I ^jL^\JI ôjlcL3_ 

Fi L _sv-b_*jj3JI 
diâjO ôacI 3 _ 
^SOuOuJI JlJI ôJlcI 3 _ 
: ^juUL^LâxxJI 03ÜJI L^l 3 /)_Xs^Ju v_$oJI o\JbJI 
LjUj^S ôjuL^uo q=0 
QjiSÿJjz clsuS^ y = 0 

^_S\. juUuJqJlSLO> Jl Jb^oJI vb-C F —0 
. ÔJ0I3 cLola^juul ^jJLc B 3 V <J>\ OC — 71 3I OC — 0 

]He 2+ s>frJ+&J\ iJjo clo>> J>Jü : L5vjuJflü uJjjdj 

t 60° Qj$\ j 0 $Sj (v 0 ^ f) ul LoJLc ■ B = 2.10 ^JüuJ LjuuubLàp llbuo Vq— 10 m/s jmu 
Vos B L IgjfejucJI Jjüoj ■ ,p 3 jJLa^JI jjldJÜI IfJj gdJgcù ijsJI ^juuubLàoJI 03 JÜI ôjlûj ujuo^I 

(b, v 0 )= 60 ° s(v oj b)= 60 ° : v>juJLJI yjuJbJI <üLyJ ^sdc P 3 






































R 


$v 0 =10 3 m/s 3 q = +2e U_uc oLJaa&. 


_*jlo F = qv 0 a B : jjjj $J 49\Lc : J*JI 

B = 2.10- 3 T 

F = 3j2.10~ 19 N ùlà F = \qvB âina\ F ô^üJI ùj_Jj ùI Loj 


F të 7 ) »i 

AJLijI 


F /) . n 

^ jV 1 *j-iu i 


JoJflüüüD L5VjuüüLbUà^ Jbao l 5S3 qjQ^gJuUUD Cüu3^ <*S —3 

v_sx9 cdjlouo ^ISjJI gjjcxJ> ùl jLlcU QuÛ2jj£J\)\ cLopdl ^jdc IgjOucxaj /XJ QJuSS téjJ> <jjUjJû 
. B j^jOLc Vo ^IaJJU CLCj-juUU B LoJôjüuO La. aaJIjlIq.».*?/) \JbfcjO (^Jj m Q L^JUl^-juiJ CLsLaS^ jjÜSZJ 

. B i-SVuuüuJgLaaJI JbaaJI ■ L>b «UJoijuSJJI <U> »jJI <ia*Jg — I 

lS ^jljuüUO jLjuUUO jLjuUUO ûl ^/juü _ 

t t olô^JUI v_sxS cul^aJI ^jOLc v_soLdl o^jlaJI ,j^Jaj 
^jvJLc cLajLuuJI cu^ûjoJI cts\Lsdl ci^ua^Ls^ ô^jlII ôjuJjJI /)Lol clûaSjJI ûj 3 Jjo^j P + F — ma 

a = — (v „ a fi) oî i^î ^rv„ a fi =m.a oil F = qv n a fi oî lo^ F =m.a : ,_sJUI 
m' 

CLu 03 Cl z —0 ûl v_SXJ^2J a(0,a„,0) ûl M{llj fljk^ J^LajuJI v_sx9 ÔjLûL>I /xj v_SJJI v_sxàj^ 9 /xJ^o v_sx3 

ciüa9jJI téjjxs ^5JUIj3 (u,n) l53ûuuuoJI /O cüusjJI oî z = g(t ) = 0 


. CU 3 ÛUUUO 

? jLuuudJI 1 LSLjijj oi) b - u 





ol lSI —-— 0 v-Sxâjj^ /xJLsiX) 1^93 ^ 3 J LajuJI JjJbfcjJI 

dt 


v =cte = v 0 

2 

_ _ _ _ c v 

+â t =â /xJ^o ^9 cul /Jsl/3 « =-?— vill_X^3 

/>„ 

iri+v c a v 2 

p - . * 0 = Cte = /? ol güjLOuuü a = a n => —v 0 B = -^— oi>| 
|#|J? 11 m p 

. V-SjjI^ jLjuüjO 3^ c OLa 9 jJ I jLjuUUO OS| 

cL^y> - 

Vo ^LuJü ^LCjuuüu B LoJôjüüd LuuuubL&jo Jbuo L^^r^Jd Jülc m 4JLS9 C| ^â^sjuj ob ^iu 3 ^ 

. cLoJâùüuo iS>> £ B gjo oJüolAjuo 

. JbuoJI sS^^JO^JI lS^JuuUUoJI ijJj ^SNJOüüJ Lû> jLaaJUO — 


(1 R = 


m.v 


..B 


: iS^Luuu Lgxlfijuîj — 


cUSLbJI ÇQuühjJI - J 

^UjuuubLgjpJI 03 ÜJI 6 ^ JL9 * 

Z? = F *v <=^ = q(v a fi).v =0 


clc^-ajuJI ^jOLc cu^ 3 jcxC Loj b Ô 3 ÜJI ô_)lû> ûl O 3 SJ cLoJlSjuo Lcxjb Ô 3 ÜJI ôj_X9 

: Æ cUJuOJ ÔJuo J\b> L^JLaDl -LlC clûa9jJI ^jOLc cu^^pJI q3UaJ| OJJbjjüQ 
































R 


-mv 2 = Cte =>v =cte = v, 


ùi| E c = Cte oî ls\ AE C = w(f )=0 


. cuuSJÜ Ô3lbJI jjÂi \) L^JuuubLÀoJI JbjoJI ! 

^^OuUuJgLgflJI ÔljJùDI l 4 

qsLuuuoJI v-S^uuJoLâjoJI ^[pü^l v_svjOouuü ! 


0 'P = D„ 


D /xliüJuo v_s^jOj^bLàx) JbïjoJ CjuS>£ qj^b |jjc> Vo cLC>juüj3 0 clLlqjJI ,jjo ^Jls^ cLo^p* gJb 

. qJJüJI cLC^juüJI cigpOjo gjo Juol^ôo 

mv 

R = "J j L^_cLs 2 _)Üü 3 C ôyb QjO ÔjL-C 3 -Û^ y_SV juüjlJoLlS^XxJI Jb*xJI v_S \*9 c LQjl 9 ^ JS j LajüLO 

\q\.B 

) cUxliüjuo cUjOuJî^u^ £uuZij Cjupu V 0 cLCj-juuu v_s^jl^L>^oJI Jl^oJI cIûjJjJI j^Lâj S clLiüJI Jul£ 

( j 3 ^LoJI ljuuo 

£ 

SU OC — — Ol Cj^jSzj 1 -S 3 I 3 JI ^9l^pü\JU ^jvjOs-juuü OC — (OCj OS) CU 3 IjJI 

R 


OP 


D 



O 


taœOC = ^=—= = —= 

OO-OI L-OI 

)£ « L dJU_x^3 Ijl> 6 jjslæ(X ^lLo^jLjuuloJI 6 j^>\ Jl ^3 ol L0J3 

( 0 Û 1 OC = tan OC 
IqlB.LJ c . £ D 
m m.v 0 R L 


v_sv^uuuJoLâx)JI <J^rpd\Jl3 v_svjIj>^JI v-9l^pO\)l jJju qjjLfljoJI ! ^Jô y JLo 



v_snjU^SJI 0^\JI <jjo IsuSU jjSI v_s^uuJoLâjoJI ^9l^pü\)l Ol Jcl>\L 

. jlâJLJI ^»3 jüI ^_s3 JjO^jljuUU IjLgJ . - N>l LiuU qj\J 

v„ 



VI 

ÙQV<ü£uuüJI — 1 

<Jlæû JSLjuj ^jOLc D 2 3 Di quûuJLc ^jo o$jj$)Suljuj O 3 SL 1 U t ^JIsjJI fcj^ujuo jlgj> û 3 ^>j 3 I 5 LjuuJI 

. Lo^xIs-aJO ^oLol JL> ÔSLuUUO Los^JlaJ JjZÜU j^j-ajLCj^ûjO QuÛU I 3 lo n JI 

. B = 0 . 14 T qjjujj B /xliüjuo v_s^oj-Ljiâx) Jbtx> cuJLc JS Jj>b jl> 3 > 
oÜ 3 j 3 jjJI <jjo cLop> ^UoJu . Lc> 3 jo 3 Uub U I^j 3 j ^uûuJUdl <juu ^ 3 -Jcü _ 1 
JS ^LCj^juJ Ü 3 SL/ OjuC> £ Dl qJkJI 3 ^ L^_C_^_ajOJ J 0 Üu 3 t S 0 juuoJI QjO 
Vi= 4 . 38 . 10 5 m/s ; v_sv^ A clLlslJI ^ 3^3 -llc 03 J 

j LajüjoJ I ^LsZ-Juü c qjO^iS JL> 3 l Qj 3 r*-*^ v_S^J LjlJ I 03 -jLûJI a a JqJu 2 1 

■ Di >b lSjJ IaJI 

clc^juuu Jojüjj \J T ol <juu . O 3 J 3 J-JI T j 3 -*JI ÿjy+s J^> 3 l 2 _ 1 

. ôj LjuJUO ^LsLjÛÛU \J 3 03 - , 3 - X u I I 

£ U JJ 3 JI ôjLujJ LdiJu-c jjs&j v_soJI qJô^JUI ^_s 3 Bi ^jJ[ O 3 J 3 J-JI — 2 

D 2 CULdl 3 ^ £ JuJC> QjO £ 03 J 3 >^I P >juUÙul 3 

-LlC O 3 J 3 J-JU V 2 cLC>juoJI _Xj> 3 Î £ qsLLII qjLû^^juo ^ 3 jjlLiiu 1 _ 2 

■ v 2 sVj Oj\s U =- 2 kV ol loJLc £ A 2 ciküJI 

















































R 


. R 2 >Ri oî ^jJLc D 2 ^LaJLs^JI o jLjuuuo ^Lsljüo R 2 2 2 

cJ^Z 53 J iSLf O3J3J-JI . JuJL> <JjO >3jJI ÔjLaJj| jjS&J i B 2 CLLÀjJI ^sJJ O3J3J-JI J3^3 Jül£ 3_2 

. L)j3^ jjfJZjü U ôjLjujj ol CjuoJLc 13} t Ù^jJ^JSuljuuJ ! I 03 (^lA/uLajüI . B 2 (_ 5 vJ| 

m=1.67.10 27 kg 03 ^ 3^1 qJLS v_sJaaj 
e = 1.6.10 19 C 

qJLSJI uuJp jouujI j — 2 

Jbïuo JLo^üujIj dJU33 t cLâJLL^o 3I ol 3 OÜ3jI j ^9 <jjo <j*Suoj jlgA> ^JaSJI '-ûj-b /xjuuIj 

. i^jouulJojlS^o Jb*j03 

! qjo (Dempster) jjLajuuuo^ pq j ^jjo c üjî5JU ^ o* Jo JI cj^Suj 

i 063 ;\JI £üuU CLuC> <JjUI OjX> 

E ^juuJüJ CLoJlS^juO 0$5j ^I5u CLC^-juUU OÜ 3 j\JI Jj>JÜ CÎjijL> gj^-juüüJI 

. U jj$j à]cuuj\$j Oa^jo 


i^jUI 

1 


o 


Jb**> ovS oUsjVI J^x m 4 =6.7.10 3 m 3 = S.lO'^kg LcU Lo^LJUS 2 W + , 2 7/e oUsj\JI 

ciWJI ._cJj Ixy^sv^jujjJ P 2 3 Pl (^-*j t loo U jjÿj oJcljuj I 31 OJCSjO ^ lô a à O L-AjJ^-g-S 

. A 

csdc A ALüJI o-o A 2 He\lHe 1+ 0U3ÂJI ^ _ 1 
O cüaüJI jû_c qjJlCj-juüJI v 2 3 Vi qjJlCj-juüJU gjLJI 

. ^/^Jl OLl \oSLQ cJ\Jju V 2 3 Vj QuûLC j*juüJI . 

. V ^3 Vi 

LHuuui^Lâx) \JL*jo t A cdaüJI JAC t oIj 3 j\JI Jj>Jü _ 2 
J-ZL 13 V ?3 Q-ajLC^-juüJ I v_S\jLp_^îliuO ^jvJLc 11^30-C B LoJôjuuO 

. JIjAJI i^jOLc ^jul&oJI MP lÜLa_£ 2 -a_ajü\JI c Lû_bjuO | 
g ^3 v_SvAJaüJ M 3 P QJU cdLoLôJI MP qsLuuuoJI 


ÇjjjuuüJI 

■+ 


E 




Vi V 2 
- 5 > 


M 


O B 


U . JLi^l AsÜojuo jvlc 2 W + , 2 W + oUsj\JI 

B=0.5T 3 =10 4 V 
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ijjjloj CU^uyüUoJI Ol£>sdl 

1 (jJjAJ 

(Jjj ÜJlXl ■ d —10 Cfîl ^L9 LjuüüoJ 1 lxX_£juU ^Ju^LÛJ QulaJ j I 3 -AJ 03 JJÛLSJ 


QuU LoJôjüuO Lût Ijuü j-ÿS ~JL>uO J&SLf3 JJ 


AB 


V -V 

V A V B 


2A0 4 V IjjOÛljuüjO Vfj\jj$S IjJ^J I 

ZZjJLæJ I 


ChV-' 


. JL^joJI -bc) lo> g/> C^LjûJI ^JvJLc c ÜjuO E O^Iju^SJI JbnjoJI CLpJxiLiuO oljuUOuO kd_ 1 
A cL^â^JI g/> ôJuobi/uo V 0 \^^>lLo às^j .juuu O ëdaojJI ,jjo S 2- oU^jI Jj>Jl) _ 2 

. v 0 =4,5.10 5 m/ k s’ 


. ù^jI ctuuojJI o\blaxxJI ( 0 ,i,j) /xlaxxJI v_svS Jc^ï 1 _ 2 

? ^isia-Jo Lo 2 _ 2 

? <^50*Juo julSj v-svü ù5j\JI Lp-S^kiiLHwJ v_soJI AsLuuuoJI Lo 3 _ 2 

^jjO jQjJjjJI 0 ^\J V ^LC^juüJI jjulSZJ AsUoJI CUl^jjjO ^.xa lo a ) 4 _ 2 

Û£j\JI qJü£$ ^ = 1,6.10 C ! ^_sJaaj . cLCj^uüJI ôJl& «^jljuuoI . 4 jjb ôjjo O cdoüJI 

M(S 2 ~) = 5,23.\0~ 26 kg 


2 v>/>^ 

G jQ*£>£ ■ j^jjoJ 4 -C^juüJI c l_^^liuoJ 3 ^ ^SHL^IIJUO c lJLà_juijl ^JSLjuüJ I »^_Sv 9 »*_SvJqS2J 

CLjuüIj^ J\L> <JjO Lx^JI Ju^>3jJI /XJ é v_SV*Ojl g^TjJOU JûjJjjO /xls^O V_sv9 CLûjJlûJ 

vs(m.i ) vyim.i j 



. cuujLûil G j^d3 j5>oJ a G gjLuaJI cL^tüoJ ü % CUÜS\JI clJ|jl>\J| QJJ±juj\ _ 2 

■ ^jjo/JI cJ\J_3u Q+juj\j]\ Cbjl-^>VI ^ 

T G cÜaüjJU clJJuJI ci^juJI cl^üo V Q cUjîIjoJ V 0j àj^3 Lo _ 4 
cuJLuü cUxaS û$$3 ISloJ . G cÜaiLiJLI gjLuuüJI ^g_2*juo $ G cLuIjl>( cUx*S _ 5 

T V 0 cto^S Lo . ( 0,i ) v-SvüS^I j 3 J^joJI gjo v 0 v_soJI l_9JlîÜI C 03 L) — 6 




































uS^ji-JuUUO <*_Sx3 /)yLÎiji-JuUUO Ja^ ^^vJ-C CL<JjJ> ôjjLb dJ^pfcjij ÔjüjJ> Ô^LuO J\Jj> _ 1 

. V 0 = 450km / h clüü <lc>juuu ^\JI ^ H = 7840m 

iosz}\ { jjjJü ^jOLc A>3J v_slJI A clLlqj QJ03 £ t A — 0 CL^L^JUI AjlC 

m B — 1 Okg IçjJjS B clûjas ^suujj 1 O <jjo j LoJ I v_SX-*jl» l^)J I 

OC CL 9 LajuuoJU O cdoüJI QJO ASLU9 ^Jq-aju ^jOLc Jl>3j C <* 3 Jlû> 

( Jl^uùJI ^ül) 

v V 0 cLC^juüJI CLO^S <jX >jlC 3 T ôjjlkJI Ci5jj> ciSL-uLb Lo 1 _ 1 

. m / s 

cuL^j L-H° cLûjJlüJI L^3jJ2jLAjuüLvjü \_s\jJI cjjjuojJI ôJuoJI v__sv-^^ Lo 2_ 1 

y T A cdaüJI <jjo L9\lLjl ôjJÜaJI l^sJoS v-slJI cISLujuoJI v_sv^ Lo 3 _1 
^ . OC qsLuuuoJI cLo*-fc9 ^lLLiLajjI 

gJo-Ajj { jjq H 2 — 1960m £,LûjjI viLp^ju ô^jLIcJI ol uâjjJü _ 2 

■ uô^l 

T cJjoJL^jo clc^juuJI ô_Lcb Jjfc T O clLàjJI jJjo /? = 200m LgxlsLjJj ôjjb JojJ^jo 
gJo-juu ,jjo H 3 £,Lâjjl lSI ^jOLc . V Q — 360km / h cJbdl ôJlü} ^3 ôjjUaJI cLCj-*jj ûî uàjjJû — 3 

Jaidl %jo ü$Su OjuL> (vol piqué) v_s^baojl Oljj^b v_svS s 5^3 cLûjÀüJI i>LiLuü( ôjJlIaJI ûlSuob u^j \Jl 

^jvJLc A^>3J ISJlû^ cLûjJlqJI v_SvÜ 9 ° ^?3Ü v-SXjuüI>JI 

j x S 156m <jjo I^xUz-aJj ôjJb 

—>•-3> c 

JL>b 3 cl3-pJI jjJ\j Jjo^gj cUjüljjJI ÔJlû^ J\Jj> 
( QuljulÜjS Lj^lllj) . g =9,8m/s 

4 (JJjm&J 

Jjcx>j 3 m=5g cuJL^ (S) LJclqj Lo^juul> >l^ 
CLC^JUÜ O 3 JU O cLbiüj QJO (S) /^juucdl ^_ 3 JLLü . q cLubj^S 

\JbfcJO /XSL» CjuS> cLaâJI { JJO V_sx9 CLuJu 

. g cJLûJÜI JbüJO ^jJ| C 0 Lz 5 \JU E /xJsüJuo 
>lâil ) B clLüJ QjO jjOJ h £lsüj\JI /Xjuucdl g-IcLQJ LoJulC 

( J^uùJI 

(S) /^juucdl CLiJ^uuJ ôjLujJ £, 5 ^ Lo _ 1 

gJLLOjuü l3lo . clJLc cLaJcudl F cLubj^SÜI Ô 3 ÜJI ÔJuLj 3 (S) UJ 3 ôJuLu OjiS _ 2 
. (S) à<>y> àsuAz £üLLOujI 3 . Oui) (S) /x^uucdl ^jvJLc cLa^Lbudl ^ 3 üJI £ 3 ^ 0 ^^^! ûl qju _ 3 
S" qjsuAï Lo . 31(0, i , j) /xIs^xxJI V-SX9 (S) c^jj> jLuuuo cJ^Is^jo Jl> 3 I _ 4 
. IgJüou3 v ljuUl:> I 3 ■ B clLiaJI v_sLUjIjc>\J v_sx3>^JI >h^JI -^> 3 ! — 5 
g = 10m/ s 2 ,h = 0,5m,\q\ = 4.10“ 7 C,£’ = 10 4 V/m : v^taai 

5 

. « 33 ÜJU CLljuUuJL \Lo^jO Û3jjiSJ\JI ÛJ3 >siSL» 

d — 3cm côLjuuoj P cL^fcxÂ^JI ÿx aslu dJLjJLuüJI . vh-ûj Lpj P cis^â ^3 vduJLuü ^jo oL^jjiSJJ g 3 juo ü^Sjj 
V p ~V N — 300V A^sJI g-iaiOi3 cLuJü cLCj^juj O 3 JU ob 3 jjiSJJ qj^LjuuJI dJjJLuuJI LÎxSLu 


O 

A 


B 
























Y 


j 

' 6 , 


V 0 



a 


0 T x 


( 71 ) 


1 

\ 


. P 3 F <JuU ^> 3 joJI /xküJuoJI JbfcjoJU fi oljjuOuO QjlC _ 1 

. P ^jJJ JulC OÜ3 > i5J\U V clc^juuJI V LJWJL:> t 1 _ 2 _ 2 

. P 3 F qju ob 3 ^>jiSJ\JI ^jLuuü 2 _ 2 

. P «jjj F qjo 0 Sj £J))\ j 3 j-0 Lp 3 ^ 2 jLAjuu c Lyuo^JI ÔJuoJI k_jLJuuL>l 3 _ 2 

J>JÜ t O ^jJ[ ob 3 jjiSJ\JI J 3^3 JulC 3 i Pjo^bü JuO CLuCXjJLjljuUUO à&y> O ^jJj P qjo Û 3 ^JiSÜ\JI _ 3 

^oJLsz-oJ I Qj OjÂj sSjJI 71 wS 3 JLjuuuoJ I ^sJLc cü^ 3 jo^C B QJlÇSzjjq /JâjuuO v_SOuüL*. JoaSZjO \JbfcjO CO JL>3J ljjC> 

J>Jü v_svjJI ob 3 jjîSJ\Jls I_x5Lû^ 3 . (0,/,j) 

v 0 , v 0 CLCj-JUÜJ Ailxloio/V Jl Jb«JI 

< ta 5 '-QjJLi 3 00' j 3 ^joJU cLjLJuuuJb ûf cdblo 

v_sv-bis^ . 0' cLbiiiJI JuJl> { jj^ j 3 J*joJI Ijl^j 

00 ' = 5 cm 

S* 0^3 0 oh -7 ob3jji5J\JI jLuuuo Lo 1 _ 3 
JbfcjoJU B ci 0 _^juoJI coj> 3 j _ 2 

. v_s^uuiJaÂâx>J I 

JbjoJI ÔJLjuJ (^UuuLajJ I 3 jLajüjoJ , ^ Is 2 _juü »^jljulL>! 

. l_SV AAJU.IoJiÇ?/)J I 

e = 1,6.10 _19 C : ü 3j &))\ cu^jj 

m = 9.10~ 3l kg :o 3> iiJVI ^3 

6 OJjJü 

. jJjjUI v_S^9 2 fi/ + 3 ^^ 3^1 gbu| CH 0 

jj$j jjüb Cjl>j P 2 3 P^ I CH~! 7°^ - c bLo^jo 4 juJu cLCj-juuu C cÜaüjJI ob 3 j\JI ôÜlûX 

cu^ 3 jixC OlÿszJjQ i i — 2cm L^J 3 -b qsLuuuo v_s^3 ^ 3 -)c^uo ôjjC> /xiaijuo fi v_s^Jüu-bûâx) JL^uo v_sv9 Jj>Jü9 £/ 

fi = 6.10 2 fi cüJljuj3 JSJjuüJI ^sJLc 
. dJbl 3 ^ JJLc T v_jlûjJI ob 3 -»\JI j 3 \ssüJ ^SJU jj 31 JI ôjLujj Lo _ 1 
c} L^Jul^ijuj3 m ^ \jpjJjS cJYJjü T jjlc Ld>j3>^ aâc 3 Ei ob3^^ clc^-ajuJI jjusu a^3I 1 _ "2- _ 2 

. Vj v-_jljuuc>I . f/ ^ 3-^1 3 

c = l,6.1CT 19 C : clJIjûu\JI cu^JI ; 

. /77 /; O 3 JJ 3 JI cÜjlS LujÜj lS 3 Luüj /77 /; Ü 3 J 3 J-JI cbLS 

m p~ m n = l,67.10" 27 ^g 

t/ = iooy v_s\Jbj^5JI >J 3 jJI 

. T V^jlÜjJ I _\jl£ c uJLc JuZl^uoJI Vj CLC^juüJI jjdULàJu T ' ^jlÜjJI ob 3 j\JI JuZÜ I 3 L 0 J 2 _ 2 

dJbl 3 J> JJLc fi JbïuoJI cu3 Jl> 3 j sSjJI >pïJI ^ fi/ + ob 3 j\JI cIsza-Jo Lo 1 _ 3 _ 3 
. fi| ^J»-JUÜJ>I . U 3 /71| 3 ^ 3 fi cJ\J_Xj 3 fi/ + ob 3 jl jLuUUO ^SVjL^ijuoJ fi| ^Uz^ujJI < ^u 2 Ü JL> 3 l 2 _ 3 

. 3 fi/ + ob 3 j\J ^ ^3ljj^j\JI co 3 lj ^A Jua:> t 3_3 
. 3 fi/ + ob 3 j\J (fi) cLjujLujJI ^jOLc /)IjlLz>VI v 3 ^j^l ^jljuuoÎ 4 _ 3 

D = 5cm : 

. LûXjLuuuo ^Lsz-juj R 2 3 ^fi/ + ob 3 j\JI cdLiS m 2 ■ übubüuo ûIjLuüjo vilb-âx ciiiAijj^JI — 4 
. (m 1 ^m 2 ) oLâJbj^o Lo^jJL $3 ^ coj^jJI Lo^J oIj-Jcû ( 2 Li + , 2 Li + ) 
























H 

B 

@ 

<r: -> <r 


S Ml 


QjjJLSJIj \JJ \J 


sin^ 
sin a 2 


cis\lsdl ûL ijjj 1 _ 4 


A 


(E) 


D 


■> 


■ ÎLt 

Ol LoJLc A Li + ob^\J A AJUSJI :>ac 2 _ 4 

a 2 =18°27' 

i 9^9 L*_juj ^3 LoJôjüuo E L5 Ljwj^^ï-^S \J L%jo cjjszj _5 

N 5 M -£LZ3 ClicLjujI^J fi CUS vl>JC*joJI jjpJI 

1 ^MN lo^juy' < 3 -sbbo OLjlÜS^ ûLujI^^jo 

Q^uOJ U CUulSSjO CLOs-a-ûJ c La_ajüLâJ Ij cul QuU 

. (E) cLaJjLjJjJI ^^JLc 0 cdaüJI JulC ob^jl .blàJI 

qjo ^j^uoü v_s^jJI Umn ^j0ul 9 t/j — 120 V 

. O cdoiiJI JulC 3 L/ + ob^ji JoLajJI 


S" O cÜoüJI JulC ^L/ + 


ob^jl JdLûjJI <JjO <J^uOJ v_svjjI U MN U2 c UXjlÜJI Lo 




















R 



< V*cLbb^ill jLxSiJI ÔS 
dULuUUO Ojuüjj?cJI fi$lsü\$ QjubUjJI /a^JLaJU 

Kepler jluiJ <=ûMjJI ^jJI^aII - I 

i£NjuüUOuuüJI \SjSjJxi\ Ç^TjdoJI — 1 

lSjS^joJI gprj joJI 3_q> ^jjuuooJjJI cLajuI^jJ /xJ\LoJI v_sv-L*J LâJ I ^>jjoJI 

. v_SOuüUCX_jujJ I 

y (S,i , j,k) /xliiJu 0 u 03 JuoUiôo /xJb*x> làr>j (^jjüuos-juüJI J^> v^l.9^-11 ^LjuuIjJJ 

3^%j CCi\JjJI Ôj 3 l>u 03 jjjUUO^JujJI CLuU> V-S^wJUO^jujJI lSjSjjoJI £p?J joJU 

. CLub Lû^jjLxSli l-)L> àjuSLf CÛ\1j 

■ >JLm^ — 2 

. oIjIjüoJI ù^JlS 3 I J 3 I)I Ù 5 JÜÜI - I 

. ^S\^J\ jS'àS oljLuUUO àsuAï C13JU C^jlûJI l_Lcb :>Jc*j 

jSjJ* Jiuüüu giLiâj £ iSj^jjoJI gL^rjjoJI l5^3 < j^*o3 jS jjo jLuüuo ! ù^JIaJI 

■ uSJL>! <jjüUOuuüJI 



é ^_5VjlJ%juoJ I I Jlû 3 QjO IjO c Üq.QJ Û\L^LQJ Q-*jJUI i^jjul 9 LjuUUoJ I p QjCXJ^uO CK^U V^jul^ 1 < 3AJUJUO gnhlfrVl 

. eJLJL^yi v._s^j3j F 3 F o LküJ I JSLaûu . Lu b Lc3^o^jo 1 b *, lo qju < Le Lu 
MF + MF' = Cte = 2a : LujJ gJULsAII ^ M cdoüJI 

. gJULû^yU jju£J\ j^uoJI J3-b ^jlzu â 
^SVjOouJU i gJLJLdi| ^>C ÔjLlC 3^ <jjUUO^jJjJI V&J^\ jljuo ! JLuO 

L 33 -A-JUJU 0 ^_5vJ | ^jjüUOouüJI j^jJà v_S^-OûijU Téliptique £3^1 Als 

. JjuoJI I Jl& 

. Ol^LuuuoJI Ù 5 JI 3 3 I eSOtJI Ù 3 JÜÜI — v 

ÔJuoJI J\Jj> . ^jjüUOs_ajjJ I qSjS> V_sv 3 P ÙJ^S j$jJZ jJÜ&j 
lSI . P 2 g-^3joJI ^jJJ P x g^ot^oJI <jjo P JüiJu A t — t 2 ~t l cLuuo^JI 

QjU 6j$*££Zj oJI v_S^ 3 t^CL>LuUUO £UuUl5 /XJ JLûJu\JI ljLÛ> J\Jj> ül 

. P jL-ooJ P r P 2 &WJIs [SP 2 ] 3 [5^] 

I_^jj CH® P (J ij jijJ ^CajuO^JI ÔJuoJI 






















R 


0 ^= 0 ^ (Z2 Aj>LuuuoJI /xj JLoju\JI Ijlq> J\b> cül lSI 

Ol^LuUUO V^b^iJI jSjJQJ UJüUOuujJI jSjJO J QJjJ iSNjJI [SP] c UÜSüÜI ^UuUlSJ : Û5JÜÜI 

■ ^jyuoj ^Jüo l$\ 3 ë U uuÜUo 

j3_)ü ûl -b^j v._sv^JI 3 >lsb AJco\1jo O^jLûJI IJlû^ />j>>ü 

j^jjO LoJb V-J^bJI ûl lSI i CLûb CLC^juJU < jjUUO^jujJI ô^> 

. ^jjülSlSl) I3 O-blj ^jjUUCOujJI 

cLbüjJb ÔJ 3 -Z 19 jb^jo Jl>I3ju LoAjlC lS$jÆS ^S^J\ cIC^juj 

î jjjUUO^JujJI <JJ0 v_j^ 9 \JI A 

clLüjJU j$jJO J0I3JU IoJulC Lu^ CLC>JUÜ 03^3 

. jJjUUOoujJ I fJJO A£j\JI A ' 

i ù$Jl 3 3I vjJUJI Ù3JÜÜI - ^ 

Lüuo O^jS-^ bo I CLaSlJLôJI Ôj3-^JI 

. jjJÜLOouüJ! J$J> ôjljuo QjO cÜaüJI jJJÜLQJ QjO P ô/bjjoJ 

L^3j-SjLjuUU v_S^-jJ I ^-juuO/JI ÔJuoJI 3^ T lSjIjuoJI j3 jJI 

. ciLolb c UÜS 0^3^ jbü\J ôJjjo 

jjmSJI ^g^üoJI J3J9 ülaj L*a 5 uD gjo bl>bl uSjl J ü o JI jsjJI jj^jo vjuujIüj ! ü^IaJI 

. £JjJLû>\U 

r 2 

—r = k : OjJUI i 3 \LsJU ^oJI Ijlq> yX >aa>3 

a 

(s) v lSjIjuoJI j3-îJI T ol ûju«j> 
i (rn) >üoJU gJULû^yj jjuSJ I j3^joJI J3b ^jlzu d 
tïi 2 / s 3 lgjji>3 t v^ 35 JU ^lajiJ \J cujÜ K 

. v_<N_juUUOoujJ I /)lfaj| £OjCXJ>J CLjLJuUüJb L^-juULQJ v_SX^ k AjOykS 

r L^cUlaJj Qjjjb IfjlJjüD ol jLjlcI v_soJI v^IsbJU cL^juaJb \ oLb^xJLo 



II-* 

r 3 


jJLubJ OjJLJI O3J UJI l_jûbj 


/b^jo Jbjuuu cJbdl ôJlû* v_s ^9 . Lo J$j> j3-Vj v_svjJI jLcxS\)l ^jvJLc Lcul jJLub Û3jls ^3-Jcû 

T 2 

gjuOJ^J CljLJULJuJb CLjuULQj 3^-— = k CJjOouULqJI gjbJ <^jLJuUüJb Cül lob t gJJL^VI 

a 

. v^3^JI c bb 5 u k' ^jcxaS ^iajij . v_jlS^ 35 JI < jjulôj js-ü jLcxs\JI 

OjoJâ jyüOt Jl cüjJIjJI àSjï Jl _ II 

ô_)l>I 3 cJL> ^jdc ^j^I 3SJI3 jlcxS\JI ôS>y> cUjüIj^ v_svS j^sû^kjj 
\ CUJLJ obuZîbJI jJLul^ QJJI39 ^_3 julJqj 
< jjUUOouüJI ôjSjJO ^_a^ 3SJI jljuo _ 

cLoJâjüuo cu^Jb cb^JI ûl lSI Ajub P _ 


bjJb JjuoJI Û3 $j 



sSjJIjJI j LjulloJI ^Lsz-juj 3^ r t 


: k \ 3^ jl3^\JI Û3jls _ 


QjoJbJüüoJI àjjj |jJ| qS >xJI oLu^L> — 1 

ubjxü — I 

b^b clLüJI ôJlû^ jLuüuo ûb b| cLoJâJUuo Cüjj c b cdaüJ U3Sb 

. CLûb Lpji-C^juü ^JCXaS Cjûb bis 
4 £>juüJI CLÿXÜO — V 
M j Ljuuuo . S>^lo V_sv 9 cLoJîüjuo ^U>Jb cb^ M cLbüJ >s^ 


























R 


I-S^JLjuUUoJ I V_sv 9 M g^^JO ^JOÛJZ v_Sv 9 L^>^JO Qs>^0 I r c LcLs2-juJ 3 t C ôjSjjo sSjJb 

■ S^ljJI 3-û> 0 cu 3 ljJU (C,i, j) 

: cudüjuo cüjJb cu^b> 

dO 

CO—d — -= Cte ! CLu b CU3I jJ I cLC^juüJI _ 

dt 

li l . V = r.COll \ ^soüjuo 3_q> Lû^bfcJu03 £ lS^jIjJI jLjüjoJU cLjuüLjOoo V cLCj-juüJI cLg_2ûjo _ 

.jLuüjoJU c L»^ajüIjOuO 

2;r 2;rr . .. 

. 1 — -=- . cuLotS ôj3^ ôJuo 3-ü> j3^ _ 

ty v 

rad I s K r s^ CO c^^ajuJI ôjl> 33 rad üb^ljJI v_s^ s^ljJI J3 -£lqJI 0J03 

£jLuüüJI <l^jüO — 5 

jLicb i clc^-juuJI cLg_2ûjo ôbül cUxliüjuoJI cUjjljJI ci^pdl 

cüjJIjJI c^p*JJ q^jjjJb < 3 jî > oJLs 2J3 y =- U H- Tl ül 9 vjvJü^ < jjuLajuI 

dt r 

.+ v 2 _ f f dv . .. . 11 

y =-n Ol sSl V = Cte =^>-= U CLcxiûjLJucJI 

r dt 

<jjO ^3^0^03 cLo_XS2juo gjLuuüJI cLg_2ûjo ûl 9 v.sJbJb3 

. ôjjIjJI jSjjo 3^ü 3 j> 3 jo lSI /î ctuoJaJuoJI 

QjjS jhO ^jLuüüJI <lÿ^üO fi Aj o Js üuüD CÜ^b ^JUUüüJÜ 

; 3^) l£> jmSÙ fi ÔjüljLpül 

^2 

5 = r<y 2 H ùlS v = r.co ùl I0J3 a = —H 

r 

v fi jJuoJ U ^uc jjl £& £ lSjjIjJI j LuüuoJI £IfijüJ r 3 ^cid j s vj ËU3 1 jJI ^LCjj u J I 

ci^üoJI H 3 m I s 2 v >^3 £jLuuüJI 00*3 a $ m I s Ig+C j^su$ OC>juuJI 00*3 

. C j 5 >oJI 3M 0^30 cUoJôüüoJI Oj-^IsJI 
■ OoJsüâo OijJb àSj^ <_sslc Ü3 *ol>JU ùLuuüLujDI ûLbjuJuJI — 2 

. v-sObJlc /xlsx) v_sv 3 cüxtüjuo cu^Jb ÔJ 3 -Z 19 jS^jo ci^jj>3 £ m oJL 5 LJL^ Loouul> 

^^F gJc = TTIM g ! /Xjuül^JI I_Slû> ^sOLc QJ3J1JJ v_sObJI O^J LüJ I ^3-JcLi 
. vJL^lJI /^juUL^JI ^.sOLc CLaJcudl «33ÜJI ^OSstLO ^ F pxt = ûl 

d G ^jLuuüJI cLp_^ôo O3SU ûl ^UxJcüjuo cUjJb ^sOLc J3^L>JU 

: LS3LJÜJ lgjo^kiju03 Oub L^jcxliijuo cu^^jo cluIJlîüI 




cLülJL^ul <=u>5 jjo dlljiS F ejcr = F uoSü ùl v_sJLJIj3 û! — 


V 

r 


. F = 


mv 


IfijoJàjuOQ 


iji&j Ù£jld _ III 

: Ù^JÜÜI \jOJ 

AB AdLuuuo Lo^juu Jd>Æ J3 1 m B 9 m A Lo^jJUS (B) 5 (A) i>juJsüü ^^juouuuot ^>ju vJJl^u 

: ül Cjuju F b)a 5 F a/£ Lexà> 0Ü33 
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p = _p = _Gü 


A/B 


B/A 


AB 2 


l AB 


G = 6,67AO n m 3 .kg 1 .s 2 : \Sû$£J\ w^boJI cujü : G 


■ B A <jjo O^t^jo AjJL^I 3 O^juo i / A5 

« v_s^5 clJclqj jj-c < /oLjuuc>\JI i^jOLc sûijS û^jLqJI Ijlq} ^*. io j 

. cjJLSJI JjLoJ Oli> />Luuc>l _ 

. Lo^juu cdL^làJI qsLuuuoJI /)Lol ciJLo^jo ^Ls2jI IgJ /)Luuc>l _ 



. ÔJLûi oI^jjOuO ^Jl>Ü 3 CÜxtliLiuO <juUUOoJjJI 

- û^S^J s^nJUI ù^jüül i^juJsü — 1 


m s àjjS oli> U juuos^juJ I Jjp* v_sv9 ôj3,zi9 j5jjz gjo ^LLüj sSjJI P ôjSjjo$ rn 


. S là>jSjjo$ 



P _ r m -m s 

^S/P ~ ^ 


^ _ M.M S _ 

F S ,P Fr 2 


m 


usO^SJI 033 uS^l 


= mm d => â n = -G—yÜ sp : LjjJ s^obJI o^jLüJI vljuul>3 




















ûls v_sJLJIj 3 sSjSjjo v_sylÂ<ül gjLuuüJI ol v_svâsj ôb*j\JI <juuLQj lo^pJ U sp 3 a p ol ci3\J-sdl J\Jj> <jjo Jcl>\Jj 

. cLoJcüJuo cüjJb P <îSjS> 

; 0I9 QjjSjjo cujIâjoI 03s v_sÿ3^JI 03s ol L0J3 

I II I 'Il " Il II B V 2 _ v 2 m s \G~m s 

. ^jUJI Jo^juuJI v._sO00U3 r S j P — — m . — u SP => — — G —— => v — J- 

r r r \ r 

^jjUUOs-ajUl) I Ü3^> àSjS> Û$Su V_sOOjl sSjSjjO g_>^jO V_sv3 


4;r 

G.m c 


v = . 


G.m ç 


jLuSJ OJUI Û3jUJI ciS\lsdl ô_Lûi ,jjo T = 


: q3\JUJ| CUC^JUÜ ol -b^jJju < r 

■ T v 5 ^IjüoJI — 2 

T lSjIjuoJI j3jJI 

2;rr 


T = 2;r 


' G.m c 


LujJ 



■ v _I cdLij ^lajiJ \J —— V-5JUIJ3 

r 

■ cucLku^^ll jl&SMJ CüjljüoJI . V 

sS* 0 j ^)l vSj^jjoJI ç>jdoJI v_s^^>>o /^juuc^S jLiO jlcxsl cljuüIjjJ 

. CUjIjüO St S\S /XjuJU> J.S IjJtxS v_S^JOs-juJÜ 

. LlszjuJo I^joS (la lune) ^jo^qJI J^Lajûu ! JUuo 
■ iSjljÜoJI j£Xl\$ ^g j JuüJI IjjuAJ — 1 

ûlbj-jJjJI LoJûC cLoiiüjuo cüjJb J3^> Lixz>l ^jcxS 03^ 

r T ^ Ls-ajüJI3 / 7 t r qJLiSJI oli T <^bj\JI v^jId <jjo ^aJcuJI Ô3ÜJI _ 

. QjjZjjo cujIJl?üI ( Fpjs j S v_s^LJcl^^I jjoJlII ^^OLc 


ol lSÎ — 


mv 


^L9\1s 2J I ,3-2^3 i Cjub IgjoJôJuO _ 


V 


a- — £jLuulJI 

r 

jjj b Cx^ii i^.s'-cWclz^I jjxüJI -Xj>3j! v_svjL*JI û3jIqJI ^juJcüu^ 

jjoJÜI ^j\JI ^ 9 >b <JjO CÜL|lLjoJI Ô3ÜJI (^7^) Ô3ÜJI 


p _ m r .m 5 
*V/s - G 2 


! ^Lk^AJI 

_> _ m s v 2 _* 

^TS 


Gnij 


\Gnij 


ijàj \Jl £. Lsa_«Jij r r 3 cUjuulJIj v_s^cLJa^>l _>xxiiJI £,làj.jl 3^ Z 3 r = r r + z ùl vlu. 


T = 2x. 


' G.m T 


- 2n, 


l( r r+zf 

G.m t 


; 3_& v.sv^LJa^l jjOsüJI ci 5 ^J T sSjjuoJI j3 jJI 


Jj v_sv^IjJclz5\)I jjoJlII cdLSu T lSjIjuoJI J3JJI3 v_s^IjJclz5\JI ^xxüJI 0^3^ v : cLb^JLo 

. gJa^uoJ cIjljuuljJIj Z c LcIûjjIj <3!^ 

satellisation jIojUjuj Jl _ 2 
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: ^su jsü 

Cüjjb qJ J^j eus 15 cLCj-juj Ô3LL1CJ3 J_^> ôjjuo v_sv 9 ^.S^Lio^l jjcx 3 5^03 3-û> jloJi^juu\JI 

. J3^> cUxlaiJuo 

■ £3^>° j3-V />3-ûj usvjj^ cLb_juul3J cuJLo^dl ô_)lû> />Aj 

. /)_Xsi juo LujÜj v_s^j^JI sS3>JI <*3\isUI Cijup> 200 km usJb^ «J^âj £,IûjjI ^sJj v_s^Ij>-^3^I >xxJL)I Jjoj> _ 
CLC^-juuJI CL^tûo Ü3SU Cjuû^j ijÂjd I Ü3^ sSjJb jljuo v_S^ <_sviLu c da 2 fcj cLC^juü v_S^ljdx^\JI >oJîJI £uuo _ 



lgjoJiuj 03 Z1S g-^3XxJI cLgj^iùo cü-^ixC cLuJuJI 


V = 



: cL3\lsdl 


i^a3 v_s^j^JI vôbfcdl ô3_aJ U^uoL> >OsüJI ûl >siSL; 

. 3<db cLülaLoJI o 15ÜL>\JI Jjxpj3 
■ \jioj \U ^iuuuüJü cu5LuuJI cu£Lb*4UI jLo3 I — 3 
I 03 A ljU lÂj ^jljuUuJ0 LâSLjuU v_SV^[â1o«/o\JI jjCXûJI O 3 ^r! 

. 5 -b_Juü ^sdc IiL>\JjoJ cUljujlJIj dl^^Ajo jjl£ 

! [^Dj \U c Lfc_AjüüJl J LâSLajü ^Lk^\JI jjCXqJI Û 35 u v_sdJ J03J-JudI 
Iq}j3^îuo J3^ KJ âjd\ j3_\j £ v_s^Oj\JI sSjSjjoJI g->jjoJI v_s\3 


( clcLajj 24 ) LSds L 03 J ^bdl üI^jJI Ijl^J T^ 3 jJI LS 3 LUJU 3 £ v_svdiaJI 

! c L*_ajOjJ lj IâSLjuü v_S\^1âIojuo\)I jjCXJjJI jÿ Jeu v_sdîJ 

. Ig-udiS j 3 J^uo J 3 ^ ûIj 3 ^ ^joüjuo v_sv3 j 3 _Xj ül _ 

. v_svlLüJI J$j> vâjSU cLzjbdl olj 3 jJI T lSjIjuoJI 0 ^ 3 ^ «^Luuu _ 

. cl 3 i-juj\l| ico iSÿJ^uJJQ V_sv3 sSjJIjJI ôjljuo JL> 3 J _ 

£lIcljuu ^>c z £lâjj\JI ol lsI T = 23h56min = 84164s ol lsI £ z clou3 jujc*j ch 0 T ^*3 


T = 


l (r + zf _ ( T\Gjn^ 
]j G.m T ^ 4n 1 y 


() nS 


: sSiJLC tJiAxlo; 

Z - 36000km 


















à^\jJo Lt &'ÿ\ ^Ux9UI <\£ 
\JJjIqj 


1 vJJjJOJ 

j 3 _JI . R s = 6,7.10 5 km lS^JIjJI jLuuuoJI t (P) cloJô^juo cu^Jb (S) v-s^LJa^l > 0 ^ jj*ju 

. qJLSJI gjj>J JjLoJ IgJ /)Luul>\JI g^joj> . T s = 3jl3hl4rm#t lsJjuoJI 

. v_S\^1â I jjCXûJU V CLC^-juüJI I _ 1 

Mp t P <^-^ 3^1 <^ 1^3 R^ 3 ^l)\Jju ^jlCj-juu _2 

. jJLb ^Suol oj cuJLc 'waS 3^JI c di$ ^uuuLajuI_3 

2 <jj>oJ 

2_, 06.10 km 3 2j 49.10 km v_s 0 l 3 -*JI ^_svJLc- Lxd> (jjulooujJI jSjjoJ cl^juuuJIj ^HjjjoJI <*—*^ 3^3 Lu jJ I 3 lS 3 -^-ûJI oLx9LjuuuoJI 

S* jljuoJU CL^juUuJÜ SjSjJûJI jJjuOJ bLo S* ^jjUUCXjujJ I ^UjjoJI < r jS^S jljuo QSLkj^O Lo _ 1 

jIjuoJI Ijl^J j 3 ^^oJI ^JLuOJ J 3 J 0 _ 2 

Lj^ 03^3 <\]cusù sSl v_s ^3 T »^ 3 -£iS £M>oJI cLC^juü 03^3 JjuoJI <jjo c Üa.Qj v_SÏ v_sv9 . oL>LuuuoJI Ü 3 JI 9 .bel _ 3 

** 3 vjj>oJ 

cLuLoqJI cL^jjoJI qjo JulC pJ Cju-LcI v-S^JI V 0 ^LC>ajuJI àj^jJôj v_sv-cLJa^l jjoJÜ jLuuuoJI àsuA^ ,j^ls£u 

■ v_S 3 ^dl Jb*joJI culüj <_s\jJI 

5 -b_Juü QJO Ê.bjj\J cLljuulJIj g9jjl cLbüJ v-S^ cLC>juaJU üL^L> üLucx^ dlbdi 

. Vg JjOjJU L^JlC jj£ZJ$ LS^IjJI jLcX-QJLjuü V- I ^LCj-juJ _ 

V L >0^0 Lpj-C >^3 CLCj-*jJ _ 

■ s^L jl.u> v s = v 0 _ 

. CIjJj 3 J L_SJU>I J^J~0 JijuJU <w SV^lJLJL^I jlJuo : V S < V 0 < V L - 

IjLljuüuo >oJLll 0353 Cju^zj jLoJLil*jüI is\ i>l (hypGrpolG) <^ 33 - 1 -^ 3 I <^svxx^*JLuu jIjuo v 0 ^v L - 

. UL aB 


\ ciàJbifcjo cLljuoJIj V l 3 V s /xjS ^lLô_ajüI J3_)l^JI v_svbtS2j 


V L 

v s 


39640km/h 

25000km/h 

200km 

37940km/h 

26800km/h 

800km 

15620km/h 

11040km/h 

36000km 


cdb_juül JSbîJI v_s^3 ^.ôJLaj^jo ^svJLc 'JSjSü _ 1 

. clLüJ £,LûJjI cU\Jju jloJi^juu\JI clcj-aju Jc>3l _ 2 

. ô\Lcl J3 v_Sv3 CLoJlûjoJI /XjlÜJI U^bjüJ> ^3Ü^ii — 3 
. cLjljuljljJL v_s^bb lzjI jjo3 ^LûjjI ,j^3I3j cÜaüJ oLcLûjjI Jl>I _ 4 

v.sv^LJa^^ll _>xxüJI Ijlû> 0$£j v_svÜ \JùjS$j v_s^juu «^jJI Jo3j^ujJI ^A^>3 ^Lûjj^I Ijlû^ 

. m T = 5,98.1 g 24 kg uôjSi I cdLS ^sJaaj. ^ybjMJ culjuoJIj L^Luj 
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4 uJ jjyj 

jLcx 3\Ü Ijljuo jjüSL) lSjJI cl^jLjuü\JI ]oo> > lS^jLjuüuo lSjjIjJI ôjljuo III c ^jJLiS o\JLx»\ll LxLJo^l Ijjo3 jjüsu 

v_ 5 \jJOj\JI lS^SjjoJI ^^^joJI v_S^ i>_S\-Ci a io«/o\JI jjO^ûJ ! ljL& ^jjUjJÛ < yj/Dj \U Qj^juJuJÜ C-LikS IjuülI I Qj^cLl io«/o\JI 

■ V-S^J^I sSjSjjoJI g^joJI ^SU'jSÜ JclcI 1 _ 1_1 
? ci5^J ^bJI jsaJI L 03 *T sSjIjuoJI j 3 jJI Lo 

. JJ c UljuülâJIj LlS^Ljuü ôjLjlcU i_^cl a. ! ^jcxûJI téjsd CU 3 1jJI clcj-ajüJI _2_ 1 

S" IâSLjuü v_SV-Q lÀ Iojuo\JI j-CkJlI I jJ^]oü lS\J < ^La_ajUüJ U 

oljuuouo Jocl . QuSjs> jLuüjoJ r ^LszjujJI . z = 35800km ^\jüj\ ^jOLc v_s^LJajZ)\JI jjoJîJI jl> 3 j 1 _ 2 _ 2 

. ÔJ3-Z13 V CLC^juüJI 

. Lp-ôo^s r, v cJ\Jju a Ja^Ï 3 a ^LuuüJI cl^lôo ^ 30^3 ôbül _ 2 _ 2 

1_3_3 

. JijJjJI CU 3 JS 3 cLjuuübïiôo olajLb ^jljuuo CLCJ 3 J 0 m T AJL^ ûl jjüsù . IgJLjikü v-S^JI 

. v_s 035 ÜI cuûb G G.m T clI 3 r cJ\Jju v j+jsü JclcI 

. jLuSJ vJIaJÜJI 03-^001 jjuSU (^LiuuLjujI 

. G.m T cIjoJI cuxaS 2_3 

g 0 = 9,81m/s 2 : v_s^ g-la-juu ^sOLc <=ULqjJI Jb*jo ôjuJj ol laie cdLzi^joJI clo^üJI 3 _ 3 

4 

P cdaüjJU Zp = 200km I £liüj\JI CuL> ^SJl>| vâji Jl JjuoJ v^sv^JL^I jljuoJI 

. cUjuoJIj <j^LuuJI v-Sv^LJo^^I jjcx 9 jljuoJ 3 _oi A cdaüJlj Z A lS 3 ^lqJI cu:lâjjl 3 

. A 3 P qjJÜclQjJI \jjjJO vâj\)\ kJ^> >oJÜI àS>y> Jjuo Jjix> 1 — 4 

. cü 3 j^ v_sv^ljtkLZ5\JI jjoJÜI clc^juj Ü353 jljuoJI ,jjo clLüj lSI K r sS 2_4 
^jJj P cdaüJI qjo ^jOsüJI j 3 >oJ cloj\UI ÔJU 0 JI 3 T a ■ v_sv^IjJclz 5 \)I jjcxüJU T a lSjIjuoJI j 3 aJI j+jSü JclcI 3 —4 

. A cdaiiJI 
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ou U v-jJLg jx juuor ùl^3^ 05,^ 

( jjj5ii ) <V3IjJI ^CjjuJI — J^â9^l _ I 

<=&XSÙ gjU 0 J> CjuIS N f CjuÜ OIj 3 ^ Cl5jJ> V_S^ É Jjls juX é ^-A^) />ouUL> O 3 SL; 

. (A) j£>jAJ CUjOJLJuoJI JûÜjJI cLuui—Juuij oJI ljLÛ> ^jOLc ÙjZjJOJQ CUjJb Cl5^> V_sv3 
CLbl^J V_S^ LLJlc ÙjjJSÜ v_S^jI &>>0 V_sv3 < /X-ujUC*JI ,Jj° clLüj g^^jo ^JL 2 Ü 

sS 5 i>ii J 3*03111 — 1 

/>ouUL> QJO M ci^^âJI clLüjJU v^ljJI J^oSUI 
3 ^ (A,) CjuÜ j 3 ^uo J^> ûIj 3 ^ v_sv9 vJL^ 

viuô^j 0 = (Ox,OM) : Cjuj>j 0 cl^>^oJI CU 3 I 3 JI 

( jl3_b\JI JuZjI ) L^jjo Ij3^jo Ox ol 

V_sv3 lgJ> 3 J 0 ciS^OlûoJI clLlsÎjJU sSjJljJI jLjuüloJI 3 
. Lô> 3 jo ôjuiisj sSjJl 3 ciS^oJI ^jvj^juo 
oIa^JU v_svjoJUdl />UûJI os^S LS 3 I 3 JI J^oSlJI ÔJ 03 

. rad ûU^I vjm& 
j3j^uoJI J3j> oi oJI /5ouUC*JI Olj3^ <téjS> J\Jj> 
cJI^ cul lSI t <juojJI gjo wS 3 l>JI J3 jZi9\JI jjSüj (A) 

. 0 ( t ) c ^*-* j0 j 

0 *VsljJI ^^hmoJI — 2 

Ü 3 ^ ^_JLzJI /JouUL^JI ûIj 3 ^ <téjS> J\L> cul Jju&j 
. M a g^ 3 joJI M clIoüJI JjoJ cdô^JUI v_svS oj î t (A) j 3 >joJI 

clCj-juuJI iSsLjjJ cJbdl ôJl& v_svS < t { cdàj*JUI ü\jk$j 3 t i+1 UjuÛUj LqJuO JL> O^d^J 

: v_s ^3 t^j 3 t i+1 u^jlIô^JUI u^j M cdaüjJU clIq-juj 3 ^joJI clc > juoJI t i cdô^JUI M cdaiuJU 

e(t i+1 )-0(t M ) 



0=(Ox,OM) s5 3 I>JI Jç^9\JI 


e=- 


■i+l 


,M ; 


1 +] 


^,-r 


l X 

T Oi 1 J 

'A 


t i+ i-Vi 

t i+1 cdô^JUI v_sv3 M ^aiijJU LS 3 I 3 JI I 0 (t i+1 ) 
t^cdô^JLII v_sv3 M cdoajJLI LS 3 I 3 JI J^w^xSAJI 0 (t i _ 1 ) 
At = t i+1 -t i _ 1 s A0 = e(t i+ 1 )-e(t i _ 1 ) 
^jv^Luu At 0 I 9 t u^uûujLûjuo jl> t^_j 3 tj + i v^ûijIs llj 

: Uju-C O 3 SU-JUÜ v_sJLJIj 3 >â-oJI 3^1) 

f Nà\ d 0 


tim 

At—>0 


At 


dt 


de 

I-S 3 IJI Jû^l9\U (JjO jJU CLljuJuJU (.sJs^lI CliijuJjoJI- 

dt 

.ti «Jà^ïJUI 

olj^^JU v.S'joJlaJI /aUoJI i ^3 ^ol^JI QCjuuaJl ÔJ03 

rad / s v,^ 

s(t) = r.0(t) : tuJUI ti 9 \laJlj cüd^J J5 ^ s(t) S; svJl^uoJI ^IjJI J>û 9 \JI Jaÿ_>j 
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CU3IjJI clc^juuJ^ ( cuJoiJI clc^juüJI ) v(t) = s(t) M clLüjJU cula^JUI clCj^juJI { j r u 33\Lsdl £üjLOjuü <^03 

v (t) = r 9 (t) : 9 (t) 
0 (t) J 1 £jLuüüJI _ 3 

yjujsù — I 

t i <&OzJ s _ S n3 CjuU j3^u 0 Ol^,3^ V_sv3 CH 0 M ^JaüJ àj$\j}\ CLC^ajuJI 0^) 

v_sv 9 M clc:^juuJI 0 (t i+1 ) ul Cjupu t i _ 1 3 t i+1 QjjujbLôo Jl> ôjId^o 

t i _ 1 cÜô^JLII v_sv 9 M cdcLajJU clc^juuJI 0 (t i—1 ) 3t i+1 cÜô^JUI 

cLaJüJjuoJI ^jJI — 1+1 ^^ 1 ^ = —- cu^juulqJI £jL> ^jv^Lju ^>jlzJI 32O At = t- , —1-_, ^jv-û^Lüu LoJulC 

t i+ i - ti_i At 

! Ol lSÎ àj$\j]\ clc^-juüJU QjojJU c L*_juüjJU 

fcn ê(t,j- 9 (i i -) = dé = 

At^O t — t dt 

L i+1 L i-1 UL 

rad / s 2 v_s^ 0IJ03JU v_svx>JLsüI /jltûJI v_s^ s^ljJI ^LuuüJI 0J03 

: iSNJLuibü jJJjJOJ 


. 0 = lOrad / s v_s^ oub ^ 3^0 0 ^ 3 ^ v_sv3 ^_JL^ /^jua^r ,jjo M ci^^pOjo cdaüJ ^U 3 l>JI clc>juuJI _ 1 

. clLüJI ôjl^J 0 sS 3 ljJI ^jLuuüJI — I 

S" M clLüJI ^uLb Lo _ v 
3 & J-^l -*Jl£ J3-^3^l ul loJLc t <jjojJI 0 s^ljJI J 3 J zaS\JI j+jSü _ £ 

. 0 O = 2rad 

; 3 ^ CjuU j 3 ^uo ûIj 3 ^ v_s^9 vJLzj <jjo N clLüjJ l^IjJI J3,za3\JI jjuSù _ 2 

(rad) oLàjJL 0 3 (s) ^üdb t 0(t) =10t 2 +40t+6 

. CHOjJI jjuSÙ AJ>$\ - I 

. <JjOjJI cJ\Jjü ^IjJI gjLuUljJI jjulS 2 J -^> 3 ! — V 
T N cdaüJI ^uLb Lx> _ £ 



. u$\jüj 3 ^jjjLujj u $\3 a T 5 a N ùLuSjjoJI — u 

ol Ojul^j a = a T .u + a N .n ! ^juLajuI v_s^ IâjjJ 


a n 3 a T 

P 


dv 

~cü 


ds 


V = — 3 t ^_sv 3 M cdoiLJU » w svjOOjoJI J3 j zi 9\JI S 
dt 

p 3 t clIcl^JLII v_sv 3 M cdaiLiJLI cidoidl clc^^juJI 
. t qJà^JUI v_s ^3 jLuuuoJI sLodl 

£ CjuU j3^ÏU0 Ü3J> /^juUC*J ûl^jJI ^JUjSÜ ^-jljuUO 

IjS^jOuO b>b /^juUL^JI QJO c^^pOjo clLiüJ JS jLjuuo ûl9 

^^LôoJI ôbdl O3SL/ v_sJbJlj3 olj3jJI j3^uo ^jOLc 
^UlaJj 03^3 ôjJIjJI jZjA 0 cdaüJI 3>j n CUJ0I3JI 
. r ôjJIjJI ^UljuüJ L» 3 Ljüjo djoü\JI 
0L9 «^03 s = r0 L21JI3 s = r.0 ol /x!s2j 
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dv 


de 


a T = — = r.— 
T dt dt 


= r.0 


a N 


(■*)’ 




ol sSl p = r Ai _xf> L0JJ3 



CajU J$3CQ Ü3^ jOuuUL^r ùl^3^ cJl> vJ\3 cUjuüLujIII 03UsJI — II 

Oub j 3 ^ïuo ûIj 3 ^ v_svS oIjjuLJ g^ob> /xjuul> J 5 cis\lsdl ô_Lûi <^^0 

33\LaJI \jûü _ 1 

CjuU j3^fcX)J CLljuULjJIj £ v_sOOjl JO /X-juUL^ fcJ JojüjjO /xlaX) v_S ^9 

v_sv3 vJLzj /^juJL^r ^sOLc cüijLbjoJI «33ÜJI />3>c fc^joszjo <^3Luuu (A) 
J A j 3 -^lqJI />>C cI_)l> £ JS v_s^(A) CjuL i j 3 ^uo J£j> ülj3^ 

: cl,^oJI cüô^JUI v_svS /^juul^JU 0 ^^LjuuliJI3 

ZA(F,) = <r» 

c^aJcuJI l 53 üJU A j3>ixxJU cLljuuuJL Jl £^x>s*lo ^ JH A j 

(N.m) vJL^JI .yo^juucJI <- _5 \JLc 
V cUi: (A) j3^joJU cl^juoJIj ^jJLzJI j3^ziS />jX: J a 

kg.m 2 

rad/s 2 v êjLajlJI 0 

JlSuuJl olà cUuuübcjuo ^pLuuO' ^3 -aaJI />jX jjuIa) — 2 

■ « ■ Q f_>ii 

(A) j3j^uoJI A$j> /xjuul^JI ûIj3^ ôS>y> Jjucxj *<-AjÆ /xjuucJ J a />>C 



: oIlz>1> oUL> 

. cLoJcüjuo clûIj3^ A j3^joJI J3>- /X-juucJI ûls 0 = 0 Lo_V52juo v^ljJI gjLuuüJI ülS li>I 
. /)Ltüjlj ôjjiJiôo cujlj3^ cS^>j> A j 3 >joJI A(^ /kJuUL<dl O3SU lulï V-S3IJJI ^jLuülJI olS N 
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. Cajü Ü 3 > ul à&\j\ àj[^ sSs3 cuiuüliuüo àjz$joczo oS>> : i^juJûj — III 

j 5 ^jo J 3 ^ ulj^jJI L^jlSüoj m = 1 kg 1^1*5$ r = 1 Ocm L^cI&jJj cüuuübüo ojl^Jajuül >üa) 

b x frdüS \JjuJolSU ^JjüOuuUL^ ^aS^Jo l$v 3 üyj T v3 LajJ la) jS jJOJ jJOJ Ou L > (A) VjüÜ 


ujülsü usOLc. Lcuà jSja jl> 3 j É m, = m 2 = 0,5kg 
cül^Jsuuj^l Jjocü . (A) vjjo i — 50cm cidLuuuoJI 

Igjÿ^ Ô 3 ÂJL 0 oJojujI^j é m' = 10kg cuJLS (S) louuuor 
.OJLo^O CUJUS 3 JjüuoDI Jj13 jjlC OjjüAJ 
o15LSul>DI ùl LoJLc ^ clüjü clc>juü Ù 3 JÜ <U 3 JOCfuoJI cJ jJj 

. v^LuuJI cULS dJjL^s qJLotÿjo 
45^pJI cLJ Ja%II j^SJS (S) jOuupJU 3 ^LuuüJI jl^* 3 I — 1 
^ouuui a JI gJaiü LoJUf CÜI 3 J 0 UUÜMJ CU 3 1jJI clc>juuJI — 2 
g = 10m / s 2 isüaa) . h = 5m o3\mlo 

3 

t r = 1 Ocm ocls_xii 3 m = 10 kg cuJLS < LuuüL^jo 1^9 jjjû 
t cüLJajJI V _ sv 9 ôj 3 ^ 400 Qj\j$s >x-^ü ùl ^jJJ ôj 3 j*jo J 3 ^ 

/XJ 

^Jjb ^3 J C Is^ C >\Lï As^ ûlj3jJI ùl Jôj>\b 

. Lu b Igjo/C £ CL> 3^>0 qj OjüJ lS jJI dlLS4>-\JI 

. LS 3 IjJI p J LajULiJ I ^JLJUÜj>l 1 

Jl ^lLiuLjuüI _ 2 

: vl^JI 

271x400 

co 0 =-= 41,8rad / s ^ 03 IjJI clc > juuJI ^jJLc cÜ 3 ^l> ^jo ls\LLjl v^jslW ci5>> clajuI^ju /> 3 üj — 1 

60 

ÙjjSÜJQ ClJL>jjoJI ÔJL& St S^9 . <3jOAS2juO CO 3 IjJI OJS^juuJ ül lSI ùl ^sJJ 

! sÛjjïzjJJ cIj-juüLjuü^I ciS\Lsdl ,j^uiJaju dJJi> QuuJ ùl <j5ucxj « />Uôjub 

■•t 



Z A (F)=J 1 .83 4=J 1 .è3 0= -t=Cte 

J A 


: v.s'^ dJJjS Q£.j-ujJ\ cü^lsio3 0(t) = —0t + (D 0 t : <_svj 3> 4S_>aJI ùi$J <Ljuo>JI 4_):>laoJI ùl i5Î 

è(t) = ët+co 0 


ët + C0 n = 0 => 0 =-- : lujj «Oql Jl «ÀCvajJI ol-X&il JulC 

t 

0 = - — = —- _q 23rad / s 2 \ ls^ ^Aa 
t 3x60 

! cU^laxxJI cL>3^jjcxJI />/C vLjuuo _ 2 

= -0,0115N.m 0 I 9 i^Uly J A = ^-mr 2 = 0,05kg.m 2 ol ûa>j M c = J a .0 

; ^ûS3^j o\) JjlS ô/j^iJuoJI olj3jJI ^JlC v-jLjuj^ 

0 = -O,23(l8O) 2 +41,8(180) = 72rad L,jJ 0 =-0,23t 2 +41,8t 

0 

0 = 2Tin => n = — = 11,5 oî /ylsû$ 
2tz 













CjüU J& 2 CO V_jJLâ fiuuJlSr ul.jjp à £J 3^ <jJ,ljOJ 


. JISLmjMI <rJLàj 05 ëLwJü b aüoJI />Luul5>- Jl \jAOjJ j£*a 9 fij. C 



J= 

Qjl^-hjuul 



1 ÿJ>OJ 

g = 9,8m/s 2 _L>lj 3 ob>lSJoAJI Jjo^j 
LSS 3 ^ I Jüuo\J I Jjls j^lC -^> CLL-juJ I 3 J ^J>C ^ /)JU 
lgjJL 5 cül3-b_juul J3^> ^3 àJLo pJLo^jo cdiS 
. r = 6cm Lpxls-Cj 3 m c = 250g 

I3J v_svüS^I Ld>j3^uo J3^> j3_)ü cül3_h_juu\JI 

. CjuÜ J\/L p ol^ cU> 3 ^Jjo cçJLc ,^ 9 -Jcu viTpïuo 
OC = 30° ^ 03 l^>JU JjLo uS 3 jüuuuo <2^33 -^> 3 j cüj^JI 
cJLS . OA = 2 m cj^_b v-svüs^JI Jû^JÜ coljuulJU 
. m s = 400g vjm 3> cu>sdl 

ICjLuüJ àjjSz}\ gJuoJ 6$3 ÔJUuJ ^_j-juUL>I _ 1 

a = 0,5m/s 


jZjA G oSjS *J CLuuojJI cU^>Ls 2 joJ I _ 2 
. ^oJLs^xxJI AJlC ^IjoJlS 2 juO AjuJuJI c L*_Cj_juj Ol LoJLc 
A cdaiiJI JulC cjjoJl^juo G cLC^juj s _s'AJ 033 ^9_L> <^jL 2 *j O cdaüjJI qjo OB qâLuuuo lSÎ ^^JLc _ 3 

. J[/i àjzuS goiOuu^ t cül3ia_juu\JI j 9*£& pj^ J A — 4 


2 vjj>oj 

J A =6.10 2 kg.m 2 vÆjSlW Pj-& ■ v_sv-wjIj3 A OuLï j3^jo Ü3^> ûL^ v_sv9 l^>>3 >s^ 
. A j 3 ^joJI qjo r=0,lm Asu ^jvlc Jl> 3 j M cilaiü ci^l^JI cLC>juüJI JaJai*jo cl«üL> ,_s\jC*JuoJI Jjuoj _ 1 

vl^JI JJLc T M <iSjs> àsz+Az v_sv-û> Lo 1 _ 1 
Ô — f ( t ) ^03 I AC^-juüJ I CÜ ^ IsLO ^—JUkS I 3 0 LS 3 1 jJ I LajUûJ I CLOuk9 ^ Jl>* 2 1 

■ &ül 3 ^l J-^l ajlc /)As 2 juo sS 3 ljJI J 3 ^a 3 \JI ol LoJLc _ 2 
0 = f(t ) 0 <>y> 5 } cOJuojJI cJ^laxJI 1-2 


t 2 = 5,2s 9 tj = 4,0s QuOtjjLJI <j+j ^^üJI ijjo ôjj^uoJI olj 3 _JI sjlc vljuul^I 2 _ 2 

















pj L ajULiJ 1 9 3t LouoJI p j L juULiJI \_S^-Ou3 o]ql> JJI ÔJlû3 I . t— 2S ^UjLJI ol3 ^ÜÔ-^JUI jjÜSZJ 3 2 

. 0 p j LajULiJ I ^oJôjuO ^ÜÜuLjuJI 3 M cUûÜjJU 3^ v_SVJOsJâjuoJI 
. A j<p*yoJJ cLljuuuJIj ^jOLc cÜLlLjoJI kS$â}\ >0>c fcÿjoptjo — 3 




QjljuuuJU oc — 30° $\jj JjLo lS^jljuuuoJ J-uo J co J 9 J o m — 70 kQ ^jJLîS (S) j&uuap ^o Jjju 

lAdi ,^9-Jcu JJloJI «^S^jüuuuoJ I (S) J\ 1 j> . (C) J jl> cÜcljuüI^j /y-ujs* Jl y>ù . <_s\Ji 3 \JI ^^jLjuüjcxJU 


ÛJ 3 L^JJljuj 3 ciSpdl ^jvj^uuo ld>b^Ju 03 w53^juuuoJU CUJI 3 J 0 f 033 ol5l5bj>\JI <333 Jl 


f / 


J_ 

Jô 


) 


, JJloJI LS3jüuuuoJU Qjj\$xi F CLub Ô33 ^jJLc J-odl < 3 -Jcu c li>jjoJI J\L> _ 1 

CLC^JUÜU 5m OSLuJJOJ I^jlC Jlslü v_scJI B cÜoüJI ^jJJ Ju^lJ A clLlqjJI ,jjo cÇuJu cLC>ajJ O 3 JÜ />ouuc*JI 


. v 5 - 5 m/s 

Ü 3 -b ^jvlc cLoiiüjuo (S) £uu£Ü Cj^pu ô_XjJl> ^Uxa3 F Ô 3 ÜJI JL>b t B clLiÜjJI Jul ^3 cLûUI qJb>^joJI J\b> 



. BD=25m BD q 3 LuuuoJI 
. F 03 ÜJI ôJuJj àAs>jjz JS J\Jj> - 

. JjC*JI S-ti-Q-i-i , 30 m /XjuUL^JI gJo 3 ül ASL) -2 
ÔJuoJI £UJJ-jujI /^juUcJI QSZju^ v_S^ Lo 

clLüjJI (jjo ci 3 \Lbül Juuo [$SjàJLJuj\ v-S^JI cÇyuojJI 

. Igjuo CLC 3 ^J Ch^ wjJj A 
v_$JUI Jjo^jLjuüJ ôjl^j />LàJU -3 

R = L^xIs-aJu . P cul 3 Ja_juul ^jOLc ^ 3 àJLo J-pJI 
CÜI 3 I 0 a.aj\JI ^jOLc cijuuuo Pi ôjb CÜI 3 lo, juuI 25cm 

P«_S\J 3 \J I 

. (AL 3 ^oJI (jjulôj Lcx^J c Ri= 50cm IgxUz-AÎ^ 
^pJI QSjk K_sS CLuü CjuP> C' jS>\ J-C> kJlL 

jpu />3-ÛJ3 (S A ) Io^juUL> 

. JjLajü\JI (p>Û C^ 3 jCXJ^oJI 


J A = 1.375kg.m 2 (Pi ,P) pj£- 

\ J\b> ^jljuuoI . (1) JI3JUU1JI Lcx^JJ ôjLuj\JI CjuoJ qjûJLII QuûJb>^jcxJI ^jOLc vil^loùLcb 

. ^ 9 _>Jo jjjo ^ 3 _LlûjoJI c13LjuuoJI -I 

. C ' jj$j "v 
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nrii qJLUI cu>-g 

. qJL>jjo J5 J\Jj> (S') téjsd ctuuojJI cJ^IsjoJI 

clc^ajuJ^ qj|$kuuAU CU 3 I 3 JI cLC>juüJI A> 3 l AijS 3 C J^pdl £.LLxüJI AjlC cül 3 -b-Ajj\LI 0 CO 3 IjJI clc^ajuJI JL> 3 l -4 

. A cdaüJI QJO S /X^jUC%JI VÿrjS jJOJ ^SCJI CÜÔJ^JUI Ajl£ S'/^uUCfcJU oJaiJI 

4 sjjj joj 

qjJLîS (S 2 ) jb^Kjj^cj Jcujjjo ^ . cllüsI c iSL*jj i^$ 0 Lc v3^^>j^U <Jjl9 — lkg qjJLîS ) LJLzj Lcxjuul> jjüsd 

qJLls r = 4cm I^-cUz-juJ cuuuüb^juo (B) àjSu lSjszjo >oj « qlxxgjo qjJL^ t ^3_3uo j+iz hus> qJouuj\^j m 2 

ôj5uJI ^sOLc -kuiïJI ^ qSpdl J\L> . LûijSjjo qjo ^>jcxj CjuÜ v_svüSl (A) vilt£o>l O 3 JU üI^jJU 

■ (B) 

. J A 3_û> (a) j 3 J*joJU CLljuüuJIj (b) JojSZ 


to=° * 


jJI ol3 cJà^JUI JulC- cÇuJu CLCj^jj O3JU (B) 3 (S 2 ) 3 (Sj) (Jjo <jjo cü3S4joJI cLC 3 jcxj^joJI 

. Ô^SuJÜ 0 ^ t ) CU3 1 jJ I CLC^-juuJ I oIjjl&J (2) JA^JI v_S\3 JjüOuoJI I JjuOsJ 


. 0(t) q^ljJI qJ^U*x> LjLoo -^> 3! — 1 

. (B) qSjs> t dJjl3^r \Uax> ^Jo _ 2 

LS 3 I>JI ^jLuulJI 0 3 t <jjojJI àj\)_yj t cJcl^JUI jûc (b) 'JSjk qjo ôjj^juoJI olj3_JI ^jlc n ^>3! _ 3 

- t = 1^ 25s cüôj^JUI julc n vljuuoÎ . (B) 

. a Lo^xjLuüj qjo^s A £ (S 2 ) 3(8!) q^is < dJj[3> \JJ^o t _ 4 


^jOLc dJjjj^jJU cujujLjuj C \JI q3\bdl ^juJcüj . villS4j>\JI q^lj cp cLul> dJl5Lc>lj q£AjuJl3 (Sj) ^JuU jjuüLoûJI /xjij — 5 

! v__S\JLjJI JfL^jJI i^^vJLc V^jûiSkJ cl p j L ajUüJI jjuSD Ol (J<jJ i (B) 3 (^2) 3 (^1 ) ch° 

_ (m 2 -m 1 .k)g 

a J 

m x + m 2 + -§- 

r 

. vill54^\JI JjoLsjo k = tan (p 3 qJLûiJI £,jLjuoj g Cj^> 
^jJoszj j Lû^jujl^j qjosjkS qjo jjS\ (S 2 ) qJLS m 2 CjûIS l3[ \J| />j3 \J (Sj ) oSjs> ol ^uu _ 6 

k = tan($ = 0,16 




2 J5_üûJI 
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*** 5 sjjj joj 

g= 10 m/s 2 _l>L )3 oISISjc>\JI &uoj> Jjo^j 

: <JjO CÜ 3 SJJ 0 JI 3 (1) JSAüJI V_sv9 cJjuOuoJI (S) CLC 3 jOJ^joJI JJÜSÙ 
clo^JLo r=5cm I^xUlaJu <Luuübïüjo ô^Sj _ 
^S^o ^Lkû MN=2L=40cm I^J^b JLuuu 
clC 3 jo^ïjoJ I . ô^S-JU G j£jj oJ I Lû^j3 j zi3 

^3jl j uUüoJ i <*_S\9 Olj3-^U 4 JLI 9 { ùjZJl 1 v«31 —auUlJ I ^}" 
<JjO jJSJ CjuÜ A «^sviisl j3J^uO S|S uuüI > J| 
CLljuUüJIj cLC3jo^ïuoJI />>C . G j$y>}\ 

. J A 3 Ü A j 3 ^joJU 

J^> <J*3_âJjo qJLo^jo cjALS ^3_)uo jjlC f iijp* — 
Si CLlSjJd Jol Cjuü3 ÔjSjJI ^SjS^O 

Si /x^uuc^JI . Gi rn=0,8kg qjJjS 

i _^ 3 _'â_^A f >iJ CLa_juULjJ U a-30° CU 3 I jj JJLo ^ 3 jüuuuo ^sOLc J}\Jjj\LI JjIs 

. \Luo jjS\)\ JoiJI ^393 v_sv-ûS\JI 
. sLuI ùj$J\ ^jdc \J f .kuiïJI ûl >xiS 2 j 

Gi Ü 3 S 3 vÎjuiJ> t=0 cLbi^J JulC cUjJu clc^-juj O 3 JU (S) cLC 3 jcxj*joJ I jj^tj 
Gi g*^ 3 jo CL^L^J JS JlâX- . (O, / ) /xI^joJU O IüJqjuo 

. X J3,zi9\JIj 

3 p j LjuuüJ I jjulsl» < cuSj^^JI cljujI^jJI ^jvJLc blojLcl jc>3Ï_1 

. g 3 oc c J A < r « m ^J\Jju Si < ^juucJI 

. (V —f(x)) X cJ\Jju (S) ^/X-juüjJU cLCj^uüJI &!j-o (2) JSLjûjJI , > _5\jl^juo JJuoj _ 2 

. { ÔjSjJI t v3buüJI} CLC 3 j CX^OsJU 0 LS 3 IjJI p j LjuULiJ I ^LOul9 (^UuuLjuJ I 3 3 ^LOul9 1 2 

i^sdLc I _Ll£ JqîLjuülaS X B =0,8m J3,za9\JI oli B cilaiijJlj ôj 3 >o cilâj*J Jo-c*JI Si /x^jucJI J-^lôJu 2 _ 2 

. B cdaüJI qjo h=lm qsLuuuo ^jOLc jl> 3 j lSâJI ( 71 ) v_sv-q-9\JI «-S 3 i^uuuoJI 

. ( BX,BY ) /xIsloJI ^ I ^küJI JC> 3 I 1 _ 2 _ 2 

. JajjjJI ÿx Si /xjuucJI JLziâjl aszj ^LuuJU M «JJjJqJU cuk^JI clc^ajuJI 2 _ 2 _ 2 













































CjüÜ jjpuO Jcp»- U 1^3^ Ü3> vJJ^Loj ^UXâJ 


J= 

Qjl^-hjuul 



1 ÿJ>OJ 

g = 9,8m/s 2 jd>L 3 ob>l£oAJI Jjo^j 

LSS3 ^Ijüjo\JI JjIs -^> cLb_Juül3J />Ju 

lgjJL 5 cül3_h_juul J3^> ^3 àJLo cdLxx^jo cdiS 

. r = 6cm LpxU 2 -Cu 3 m c = 250g 

I 3 J v_svü3\JI Ld>j 3 J^uo J 3 ^ j 3 _Xj cul 3 _b_Juu\JI 

. CjuÜ 4^ >oj^ ol 3 cL>3^Jjo clJLc ,^9-Jcu viTpïjo 
OC = 30° ^L-13l^>JU JJlo Jl>3j ^U>sdl 

cdLS . OA = 2m cj^_b v-svüs^JI -b^JÜ coljuulJU 
. m s = 400g v_s^ cu^sdl 

ICjLuUÜ àjjSz}\ gJuoJ 6$3 ÔJUuJ <4 _j-juUL>I _ 1 

a = 0,5m/s 


j5j-o G qSjJ *J CLuuojJI qJ^lsxJI — 2 
. ^pJ^LoJI Jû-C < ^joJlS 2 juo cluJuJI c u_Cj_juj ol LoJLc cu^slII 
A cdaiiJI JulC àjoJsLuz G clc^juü jju^ü 033 l9Jl> O cdaüjJI qjo OB qâLuuuo lSÎ ^^JLc _ 3 

. 4 ^C QjOul9 (^UuuOjJ I 3 t aaj\JI jQj&S J A S- A - J ' JL *»^ > 'Ï 4 


: vl^JI 
: T >^JI 033 v , L juu ^ > — 1 

< 4 S 3 i_juUUoJU JI3JO I O, i ) ùj£J*JO 9 i( O, i, j,k^ /xliUuOu03 Juol^iuO /x1s2j 03 .kujjJO K r S^>jJ 0 />ouUL> jLiO 


. ^svJLc^JI 3>ü <^>3x53 JjLoJI <^31juuuoJI ^jOLc lS^3xxC ^O, j j 3 ci^sdl àS>y> ^jnj^juo <jjulqJ v_sv 3 c C>3jo3 JjLoJI 

J 5 ljujJI jJûjt 
: S cu^sdl cljuuIj^ 

P S ,R S ,T : cl*jü3jJuo clc3joj^jcxS (S) cu^sdl ^jOLc <LaJajoJI L53ÜJI 

LujJ oJ S uûJ v_SV->ÜJ I Ü3J UJI 

P s +R s +T = m s â G 

: Jqti 9 (O, i j joJI ^^JLc ci 9 \laJI JqÜ-ajuü 

P Sx+ R Sx+ T x = m S- a ( a x= a ) 

-m s gac#ia + T = m s .a 

JajptJI jJ$J ÔJUuJ vkuüO <JjO C0\JLsdl ÔJlû^ <j5uOJ 

ûl CjuptLf T 
T = m s a + m s g4c#ta 

T = m s (a + gacrta) 
T = 2,16N ! lS^JlC ^3juJcü 

: /xlaxJI J^l JJl£ àjzAsüjz cuJjuJI clCj-juuJI ûl jLcLcU àj^i\ jS^jo G <îSjsd cLCuojJI cJ^L^joJI _ 2 
<- _5\JLc ^_julSu cÇuuojJI LpjJ^lsio ^/oL^lüU ÙjjSÏLO CLuCkJLÀj^JuUUO cüj^JI j 3-^3 ci 5^>^3 û 3 | Oub ^jLjulJI O Lxxj 

: v_s0LjJI JS^JI 


+ 
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(.svjï) «UjuojJI AblaoJI olà ..sJUUs v 0 = 0 3 x 0 = 0 LujJ (t= 0 ) /)IsloJI J^>\ julc x = ~at 2 + v 0 t + x 0 

x = 0,25t 2 

: clojlsjjuo clc_>jujü A AJflüjJI J ^3j _>sJI o^à >_àjL> Iûjulc sj<ïj t^soül OB AàLujuoJI _ 3 

■ ^üi>^jO i ?\J ■ QjjSï} I jljuuLO J^juJlsu 

V = 0,5t 3 X = 0,25t 2 : joUàJoL ùjjJüjo Qjj &Jl àSy> ül vLlç» OB >_s^ôi3 v_sÜ3\JI AJL>_>oJI 

ol Cjuc^j Vg — 5tg ! ^Uj»slJI clcj^ju o^5u B q-h-Q-J I _xjlC 

/ V 

x B = OB = 0,25x Vb 


— 


V B = 


0,5 

(0.5)' 

0,25 


0,5 y 


xOB => Vg = OB 


: cuSpdl qjjllaJI cuûjjjo v^jJaj i BA AàL-aoJI QjjSi)\ gJaüJ IoJulC v_s^d> cuibül AJb>>oJI 


2 msVA 2 1 


-m s v 2 = W (P s )+ W (R s ) 

? s B b^aV s / b^a' s / 


JLüü\JI QçjzülO ^jOLc R s 0 I 3 V A = 0 ül lSÎ A cdaüjJI s _ 5'3 ^^ûS^üjuu cu^sdl ül ûLJaszjcJI ^jljuuo LujJ 

: v-sJljJlj 3 . >o-xs 2 juo L^JLs-jJj ol lsI 

-| m s v B =W a (p s )^ V 2 =2gBA^«ta 

OB = 2g (—OB + OA) ôin a 

OB (1 + 2g *in a) = 2gOA tin a => OB = 2 g QA<wta - x> 82m 

(1 + 2gôitt a) 

; 3_oi cül3_b_Aju\)l jc^ziS _ 4 
J A =|m c r 2 =4,5.10" 4 kg.m 2 

! « 7 R CLOulS ^ÛuÛOjOJJ 

: C cüI3-Iq-ajü\ÜI cOuülj^ 

! CÜI 3 la ajo\JI ^jOLc dJj^ptjJJ QjljuJ Ljuü\J I CL9\lsdl 

: v _5v^ c0l3_h_juu\JI vjvic ^djJojoJI k53üJI 

T' , P C ,R C ,Ji(F,F) 


2 , * * C C £ • • C • • 

ois S5ÜUU3 — = 0 ol sSl . qJLcxfjo CUJLS3 ^Ijüjo\JI Jjl9 ^jlé: Jcuidl ül O3SJ a = ré ol <Ôu çzj m a =J a .0 
r 

Ji A =J A -- + T'.r = 0,13N.m 
r 

2 vjjjjoJ 

J A = 6.10 2 kg.m 2 ^jüJI j3^ziS >o>c . v_s^j»jIj3 A CjuU oIj3^ v_^ Lzv>S 

. A j3^joJI qjo r= 0 ,lm Asl> le Jl>3j M ëllaüJ CO3l^>JI cic^juuJI JaJai*jo cLübr ^jvJOOucJI Jjuoj _ 1 

vl.9<*JI JJ-C M àSy> àsuAz y r s^ lo 1 _ 1 
Ô — f ( t ) ^L?3 1 j-l I I cj ^ Ls2j0 V-j ûiS I3 0 LS3 I^J I LjuüüJ I ^LOuiS ^ Jl>- 2 1 

■ ë^jli^JI J-^l -3^ /)_Xs 2 juo sS 3 ljJI J 3 J zaS\)l ol LoJLc _ 2 
0 - f(t) Cl5ctuuojJI cihlaxxJI SJL iS| 1 _ 2 

/^ 2 = 5,2s 3 tj = 4,0s QuOtjjLJI qju <^9>b qjo ôjj^juoJI olj 3 _ül 2 >_\_c ^jljuuoI 2 _ 2 
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p j L ajULiJ1 9 3t LouoJI p j L juULiJI \_S^-Ou3 o]ql> JJI ÔJlû3 I . t —2S ^UjLJI ol3 ^ÜÔ-^JUI jjÜSD 3 _ 2 

. 0 p j LajULiJ I ^oJôjuO ^ÜÜuLjuJM cUûÜjJU 3^ v_SVJOsJâjuoJI 
. A j£2zjoJJ cLljuuuJIj ^jOLc cÜLlLjoJI ^S^üJI >0>c ££jos*yo — 3 




: M qSjs> qsuAï 1 _ 1 


/jUclüIj àjjsîLo cu^Jh ô$y> M clLlqjJI 
P, j LjuuüJ I ^Ij0s-fc9 2_ 1 

ë = — = 0,75rad/s 2 
At 

co(t)=ët+à 0 
ü)(t ) = 0,75t + 2 (rad/s) 
6(t) = 0,375t 2 +2t (rad) M JJ cujuojJI ciblaoJI 1 _ 2 


ti 1 j.>.>ià.'aJUI l jjj olj3jJI :>JiC 2_ 2 


n = 1 ùl <_sln = 




OJ, 


4x(t 2 -t 1 ) 


uSVjoJAàjoJ I p ) L-üüJ I 3 IojoJ I p ) LajüüÜ I i_sOu&a9 3 2 

a f = r#=>a, = 75.10~ 3 rad / s 2 
a n = rO 2 => a n = l,225rad / s 2 


$£) £jLjülJI cLgjsio />iàJuo 

a = A /«„ 2 +^ 2 
a -1,227rad / s 2 

A jfptoJU ^jjujuJL) ^^JLc cLa.JaoJI v-SgJÜI />_>£ £<)j(x=ïjo _ 3 

Y^M A {F) = J A è 

= 45.10' 3 N.m 

3yjJjJÜ 

clljuüjJIj oc = 30° JJlo «^^jljuüjoJ J-uo jjS I Jo^ J 9 J 0 vjOLc m = 70 kg cijJLS (S) /*uuü l> 

IjLÛ^ JjLoJI L-S^jüuUUoJ I ^sOLc (S) J\L> . (C) Jjl> C ÜQ-ajü I^J /XjuUC*JI . v_SV-0-9^J I «-S^iljuULXxJU 
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cüjl^jo f 6$3 ds'SlSj ol$lSLï>\JI iS$S 
«iSpdl Lâ)btJu 03 t-S^AjuuuoJU 


( f 



=—(P 
10 11 


) /^=JI Ùj9 Jjj 


J-p*JI av jJ3 \JI c \ 1 j>jx>J\ J\Jj> "1 

^^jüuUUoJU àjj\$JO F CLûb 0^3 ,/<XjuUcJI ^sOLc 

cLCj^juj O3JU /^juul^JI ,^9JLlaju Cju^zj r JjloJI 
B cdaüJI ^jJ| Ju^lJ A cÜoüJI qjo cLuJu 
CLCj-ajUU 5 m ClSLuJUOJ L^JlC JlSZjJ v_5^*jJI 
. v g —5m/s 
t B clLiaJI _LlC3 cujUJI cdL>jjoJI J\L> 
gUuZiJ CjuSZJ ÔJuJL> CU>u 3 F Ô3ÜJI JL>b 
BD qsLuuuoJI J3J0 ^^OLc cLcxIiliLiuo (S) ôS>y> 
. BD= 25 m viuc> 
. F Ô3ÜJI ô JLjuü cÜL>jjO JS J\L> ^Jt-Juüj>l " 


v_soJI cLuuo>JI ÔJuoJI £OJl^juuI ? /XjuucJI ciSjJ> CLS 2 J-S^ St^ bo . Jjû*JI gJoüju , 30 ITI /XjuULjJI &Jo 3 ol Jlsl; -2 

. Ipjuo clc3j>j vjJI A cdaüJI qjo < 33 \LLüI juuo L^^^ljujI 

: v_sJbJI Jjo^-juuü ôJl^j />LfiJU -3 

P^l Ajl3lo ^^OLc cLuuuo Pi cujb qj l^la juuI R = 25 cm Igxls-juj . P qj^lo jujI ^jOLc <jd3_ôJLo JjloJI 

. (A)j3>joJI < jjulôj Icx^J £ Ri= 50 cm IpxUlaî^ 
JjLuAJI 3^ cLC3xx<iJoJI yzu /)3-fiJ3 <&y> *0 (S A ) Io^juul> QSjk v_sv 3 vÎjuJ cLuC> C' ji>\ J-c> ^âL 


J A = 1 . 375 kg.m 2 (Pi ,P) ^3x)j^oJI ^3-^3 />>c 

! cdL^^jo JS v-_a-juuc>I . (1) JI3-JU0JI v*_s \3 IcxfJJ ôjL*jj\JI CjuoJ o^JUI I dJ^LoûLcb 

. S A ^9j-b <jjo clc3_LüjoJI c^LuaxJI -| 
. C A J^JI jj$j "v 
mi cdLSJI clou 3 -g 
. ClJby^jO JS J\L> (S') ClSj^J CÇuuO>JI cJ^U^oJI ^j»jSÎ3 
CLC^juüJ^ ^I3Jojuj\Ü CU3IjJI CLC^JUüJI JL>3l SUjS 3 C Jjl 2*JI £,UcLajl JülC ^l3Ja_Juu\JJ 0 CU3IjJI CLC^juuJI JL>3l -4 

. A cdaüJI ^jjo S /x^uucjl L^j 3 ^joj v_5^JI 3 Jôj*JUI JulC S^/x^jucJU 

: vl3<*JI 

: ^3^)1 oI^jjoJI - 1 


/y 



: qJb^jjoJI ^3 cçSjj^JI ci3lbJI cUû^^-iuo 

—mv„ = F l—^-l-mglsina 
2 B 10 

„ mvl mg 
F = ——h ——+ing sin or 
21 10 

F -595N 

i j$*£lsl}\ ! juuo vljuo^ a=0 cujUI cOL>jjoJI 

Xf„=ô^f+»+p4 

( 0 , / ) vjOLc ci3\lsdl JaiLjuiJü 

F=420iV sS^jlc F = wgsin<ar+^^- 
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P + R = ma 


a' = -g(sin a + —) => a' — -6m / s 2 

10 


:. LcJI pUslbJI juc — 2 

! i_sOliJI üçp LûJ I V _C) a lo j 

(O, i 


IgJl 


^oUcûüij ÙjjlSjlO CUjO^aJLAJÜUO C^julIo 

^jJJ A cdaüjjl QJO /)ouUC*JI <3\LLjl JuuO ^j^£OjUUoJI CUJuOjJI ÔJuoJI 


t — t \ ~\~ Î2~^~ t^~\~ ^ 


JF = fl.J£ => = 




JF 


a 


— 1 1 


AB c^LuuuoJI gJaüJ ^i^OuuuoJI ÔJuoJI ti 
t 1 = 2s Oi>| 


Jx = F 5 ^ 2 => t 2 = -= 5s : J^JI lg-*3 glaiül v_svJI ^lJL>jjoJI J\Jj> ^jiü-juuuoJI cUJuojJI ÔJuoJI 


cU-bLjûo v.5^3 /)Lbüjb ùjjSLLo CLuOuJiOuüUO ol Loj 

Av = a'At => A? = -— = 0,835 
a' 


1 


DE 1 = —a't 2 +v B t = 2,08m : v_s^L^Jaiij v_svJ 

g£j>>ll cJj>jjo J\Jj> ^^OuuuoJI cLuuo^JI ÔJuoJI 

! gjLuULiJI <w>LuUC> 


mg 

mg sin a -= ma 

10 


a }} = g (sin a- 0,1) = 3, 92m / s 2 


EA = -a"t 2 =>t A = 


2 EA 


a 


= 4,04 s \ JJ_x5 gyjlj^JI E /xlaxJI JuzjÎ ol jjüsù 


t — 11,87 s oij 

QjuU <LujljJÜI — 3 

! i yjjJu LuuJI !jjLjJL>iJoJI J\L> ^lcqIoqoJI qâLjuuoJI u^Lujj> 

t citi^JUI V_sv 3 S'/^juul^JI gJo$jo Z 3 t clL^J V_sv 5 /Xjuül<JI X ül uJuptj Z 3 X <juu cL 3 \ 1 sl)I 

usJ-C JjIs jjlC J-pJI ül jjüsû . 0 £_û> 4 jI^J q-jujMJ l^IjJI J^za 9 \JI ül t cJâ^JUI fjjJLSù ^3 cul jjüsû 

c X Z C 

z = j 2 ^s\ 1 s 2 JI ôjlü^ jjjo güujojuj Ri=2Rol L 0 U 3 — = — ol usl z = R 2 0 3 x — RO eu [9 la xaj\JI 

R Rj 

z=10m 0 I 9 AB=5m oî I 0 J 3 x=AB ^$Si\ cd^joJI vjn 9 * 
z=50m 0 L 9 BD=25rri3 x=BD cujLII qJb>>oJI * 

Tl )JQjJI U^>LuUJ> 

! (1) JI^juuJI olJas2Æ Jjo^Ouuü ^jJ3\JI ciJb^^joJI v_s ^3 gjLuuüJI vLua^d S ^sJ-C v_sOLJI O^jl&JI 

P + R + F = ma 
! ^ O, i j ^sOLc JoliLjuj\JI 

F - mg sin a - f 


F - mg sin a - f = ma ■ 
a = 2,5 m/ s 2 


« : 


m 


: CUJUJL^JI cJbJI V_sv3 cLC3joj^joJI cLjuuIjô 


























! (iS) vjOLc ôJuJpJI cJbJI ^_s3 <jj 9 juJ v_sOIjJI O^jLaJI ^ 3 -Jcü 

P + T + R = lîici 

(1) T = mgsina+^Y^ + ma (0,ï) <i9\lsJI ^üLujI 

(2) TjRj - TR - J A d ôj 5JI csJLc dbpoüU «u^luAll «s\UJI 
(3) Tj = m 1 (g — aj ) S A ^sOLc v_soLiJI ü^jl&JI 

gUi^juuü (2) c0\lsdl3 (1) cL9\lsdl qjo 



Tl 


J * a . + T ^- et 


R.R { /?, 


r = f => ij 


J * a - +F JL 

R 




Ti=325N : ^J 3 \)l qJb^l ovà 
Ti=210N a=0 tujüül «ü^oJI ^ 
(3) <Üî\IrJI v_ 9 jJaj '. . uùüb>-ijoJI lsv 9 qJLSJI <w<LaJL> 

T, =m l (g-a l ) 
z-2x^>z-2x 
a j = 2a 

T , , 

m 1 =--—ol <_sl T 1 =m 1 (g—2a) 

g-2a 

rrii=65g : ,_sJs\)l qJb>jjoJI 
/xjjuqJI Lâ>Jd>-L; Ol <_soJI 4JUSJI ITIi ) tTli = 21g £OjÜÜI <Xh>jjo2\ 

( 2 cü^oül (_sn 5 ôj^SjuoJI olà^l^joJU <*S>> ^^JLc J^»JU 

: cujLo JI cAblgoJI 

z = 2,5t 2 ^ 3^1 ciJL>_>oJI * 
z = lOt + 10 cljUI ül^xJI * 

■ ■ LsJI gJajLj IdJLàc — 4 

x = R0 x = R0 : ëül<da_uÂU cuqI JI q-CwuJI 

P 

0 = 20rad / s : sS^ac ^JoJ 
: S' yOouUL^JU CbiLiJI CL^ vjuuJIq Cülo-b-Juj\LI CUqI JI CLC vjuuJI uLuüC*J 

A ijJO OjQjJpJ S v3jJg L jJD ^Sj^juuUüoJI PjuüDjJI ôJLoJI — 

2 JI^juuJI ^Jôjl f = 4.87s s ■ Ll^JI ftJaüjJ LoJUC 

t Lcül p lbJül jülC £ S" jouuüL^r+ ëUloJguujj 1 - ëLCQjodJoJU ëuSuuoLujJI ^uujIjaJI — 

P + P ^Tïlfl v_sOLjJI O^jlaJI ^ 3 -Jaj 

P-T = m 7 a 2 Oz i>liLjuü\JI 
P = J A 0 \ ô^SLJI ^jOLc dL^ptjJÜ Ljuj\)I <=L9\LsüI ^ 3 -Jcu 

(TtJUAjuUU X—X 

(m 1 g-m 1 R 1 0')R 1 = J A 0' 

0' = => 0' = 15,85rad / s 2 

m j R j + J À 

ëülç)-la_».u\U clc^juJI t=3,9s^k»JUI JuLC _/ollàjuU àj+sXo cujl j 3 ^ ô_>SLJI 

0 = 15.85^ + 20 => 0 - 91,2rad / s 
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V - R x 6 =^> V = 48, 6m / s S' /xjuo^JI 

4«jjjjoj 

cuJLS (S 2 ) >°^ julIL < î: ^ Jclu^jo (Sj ) . cllüsI ciSLjuj j^jOLc v3^jj^U JjL 9 irij — lkg ccdLiS ) LJLzj Lcxjuul> jjüsd 
cJjL 9 r = 4cm L^cLsz-juj ^OuOt^ojo (B) àjSu o y_s^s y oj t cdLcx^jo cuJLS i ^ 3 _lo Jojl> c Üq-*jjI i 9 j m 2 
Ô^JI ^jJLc kuiJI \J ^>>JI J\Jj> . QJO ^xxj Ouli v_sv-asl (a) villS4^l O3 JU O UsjJü 

■ (B) 

. J A 3Ü (A) j 3 J*joJU cUjujuJIj (B) pj£- 

. t () = 0 £ujUI oIS CLtcÜJI JOC CLu-V clc^juJ O3JU (B) 3 (S 2 ) 3 (Sj) <jjO <jjO cÜ 354 joJI ^3jCXJ*joJI jy*J 

. ô^SuJÜ 0(t) CU3I3JI à^.juud]\ oI_^-a SD (2) JSL^uûJI v_5\S JjüOuoJI <- _5\jC%juoJI JjiuOsJ 

. 0(t) «^IjJI CLC>ajlJI cJ^I^O LjluuO -^>3! — 1 

. (B) à^y> à&j^ ( dJjl3^r \Uax) _ 2 
V-S3 IjJI £jLuuüJI 0 3 t ûAjJI t clIô^JUI jûc (b) <jjo ôjj^juoJI oI^jJI ^jlc n yusü -^>3! _ 3 

. t = 1, 25s cdàj*JUI n ■ (B) <téy>J 

. a IcX^XjLjUÜ 3j0ul9 A £ (S 2 ) 3(8!) ‘ viLl3 J> \ULs 2 jO j _ 4 

^svJLc <jj 3*J v_sOLdl Û3jlûJI ^juJajJ . Jl£o>\JI CU3IJ cp OjuL> olÜi_>lj qijuJl3 (Sj) <juu < jjuLoûJI /xju _ 5 
v^svJLJI jJ^ljûüJI <- _5\JLc 't-jûiSu a p j L ajuüJI jjujSu ol t (B) ^_jvJLc dJj^^jJU cl^ujL juu\iI ô3\Lsl)I 3 (S 2 ) 3 (^1) ch° 

(m 2 -m 1 .k)g 


a = 


m | + m 2 H —— 
r 


. villSc^SJI JjoLs2jo k = tan (p 3 cJLaiJI gjLuuü g <ôup> 
^sJos^j . Iû^jujc^j ch° A>l (S 2 ) qJü£ m 2 oûlS ISl \JJ /xju \J (Sj ) ol { juu _ 6 

k = tan 9 = 046 




: vIs^cJI 
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: 9(t) IjJI 4£>juüJI LûLuüo ^buj — 1 

3_& <3j>3joJI IgJLoU^jo ^oJLszjoJI JuZjI <jjo jjoJ cJb @( t ) ûl oL^uoJI J\L> fjjo 

Ô(t ) = AOt : v-svJLJI JijjJI ^sJLc ^Sj cJ^lsxJls onJUIj 3 a =-= 40 rad / s 2 

A t 

\ ( B ) oSy> àsz+Az _ 2 


dO 

à<>yx$ ^sJUU 3 — = 40raJ ! s 1 - cte ol lsI é?(f) = Ot JfLjj ^sJLc cuki> cüb <>£ ô^Lc cl^IjJI ^>^1 
" ' dt 

. 9 = 40rarf / s 2 s^ljJI L^xjLjüj />lbüjlj ô^xsüjo cljIj 3^ : ë^SuJI 
: t clIôj*JUI julc ôjIJI ol^jJI 2 >jlc /i _ 3 
£i cLuuojJI ùl9 /)LtüjlJ ô^xàûo clùIj 3 ^ ol Loj 

^( ? ) = I^V 2 =^0( ? ) = 2Of 2 


d(t) = 2iïn 


n- 


2n 


; cdàaJUI J\l> olj3jJI 3AC ûl jolsù$ 


20 1 2 10 1 2 


n — 


ol ^1 


2 Jt 7t 

n = 4,97 = 5 : $£> oI^jJI :>ac ü$$j t — 1,25s Aie 

: 5 2 3 5 j qjo ^-S2 ï! _ f Jc > _ 4 

| (). i j ,_jJLc .S'| ^o^juüc%JI L^J Jjlaj v_soJI .\| 49 L^oJI ol9 2>$Jlo jj-c-3 ô_^> 5 LJI $ULc , qJ aj \J kicJI ol Loj 
J üAiAjuj sSJJI S B l j-u3üJI J3J0 (JJULÀJ3 ^O, _/j _j3^cxJI t^JLc S 2 /xjujotJI Lpj J-aAO-mj v_saJI y x 43 LuuloJI 

ol lSÎ s b = rd L1AJ3 x x = y x = s B ol ssl ô>£LJI i_S>=ejo ^>ie 4 Jaüj a_i 

Xj = => Vi = v 2 = => «i = a 2 = rd 

S 7 3 5 Ol ^AjÜLajUU 
■ 3O ÜÂjü U Ô^A&juO CUjOvjJîAjuJIjO 4 S <_SSj 5 > 

ü! — rd — 1,6m / s 2 lo^CjLuuü <oj 3 vL*-^ 
( m, -m,.k)g 

v 2 ' ,B : 4 JUI 43 \UJI ouàJ _ 5 


a = 


J, 


m 1 +m 2 + 

r 


! 3 5j (Jjo ^^JLc ^ 3 ^ ï_sOIjJI 03 jlaJI ^Joj 

P 2 + f 2 = m.a : Sj ,_ 5 vle 
■ ( O* j ) usJ-C 43 \ 1 sjJI JaÜjujü 
m 2 g - T 2 = m 2 a => r 2 = m 2 g - m 2 a 
P 2 +R+f 2 =m x .â : S x ,^vle 
: ( O. i ) ,_sJe k>liLujyi 
—f+T 2 = m 2 a 

R N ~ m x g — 0 => R N — m x g : (O J ) 
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k = tan ç> = — => / = n\gk ùî /Asù 
R n 

T 2 — km l g + m x a : ^3^)1 ci9\LsJI ^ 
B ,_s\JLc dLptdü cujujL uj\)I 


M,(f l ) + M,(f 1 ) = J,d^-T v r + T 1 r = J,.- r 

rri rj~! _ J \ 


LajLuj cuJLc Lxpj_>jjsjù T 2 3 I\ \jè$sij 


f 


J^ 

wîj + m 2 + —| 

r y 


-m 2 g - km { g => a - 


g(m 2 -km t ) 


J A 


/72| + /7?2 "I" O 

r 


ul sSl £? > 0 £jLujlJI Ü3S1J ùl iSj /xJü v.S'ü 

g{m 2 - km, ) 

a =-- > 0 m 2 - fcm 1 > 0 


J a 

ra t + m 9 + -A 


m 2 > km l => m 2 > 0.16Æg 



g=10m/s 2 â>L 3 gxjoj> Jjo^j 

(1) JIjuJI cÜJuouoJI (S) I jjÜSZJ 

: ,JjO CU35JU0JI3 

^Loc^jJLo r= 5 cm I^-cIs-ajo ^Uuaj L^juo àj^j _ 

jÏjjd ^Lkû MN= 2 L= 40 cm I^J^b JLuuu 
clC3jo^ïjoJ I . ôjiJU G j$jj oJ I Lû^j 3 j zi 3 

^3jl j uUüoJ 1 <*_S \9 Olj3-^J c üjls { Ô^SuJI t 1—auUlJ I ^}" 

<jjo jjyj CjuÜ A v_sv-fi 3 l j3^o J3> v_s^j»jI>JI 
CLljuUüJ U cLC3jo^sjoJ I /)>c . G jS^joJ I 

. J A 3^ A j3^joJU 

<A3_âJLo qJLo^jo ^3_Lo f — 
Gi ôj3j zaS jSjjo 3 m=0,8kg cuJLiS Si ^jJLz) /y^us^j QuSjJo _l>I 0UJ3 ôj^LJI 

^393 v 33 JljuUUoJU CLjljuULjJIj Q,= 30 ° Cl^ljj Lx> lS^jljuüLO ^jJiC 

. \Ljo jjSVIJo-JI 

. <téjsz)\ cLuI 6 j$uJ\ iSjZza ^jdc \J f -^LpJI ùl >xiS2j 

O3SL; t =0 cdâ^J JulC CLuJu CLCj-juJ O3JU (S) clc3jOJ^joJI 

_\Jlc /dJ^joJ . (O, i ) /xJLaoJU 0 J^\JI LajLLxjuo Gi 

. X J 3 zi 9 \JIj Gi g^3jo 

3 p j L ajuuJI jjuszj i clAj^^JI c^juüIjjJI ( ç \JLc I^LojlcI jl>3Î_1 

. g 3 oc t J A t r c m Si ^o^uuc^JI 
. (v 2 = f(x)) X cd\JjU (S) /^juUL^JJ CLC^juüJI &JjJO oljuL^J ( 2 ) Jijjjl ^JVjl^juO J-iuOsJ _ 2 

. { Ôj^uJI i 0 LS3IjJI p j L juüliJI ^LOul 9 3 ^LOul 9 1 _ 2 

i^sdLc I JulC JoîLjuljuS XB= 0 / 8 m J 3 Zi 9 \JI ol 3 B cdoüjJlj ôj3^>jo cÜcl^J JajjjJI Si /x^jul^JI J-^lûJu 2 _ 2 

. B cUaüJI jjjo h = lm qâLuuuo ^jdc A>3 j sSjJI (7l) v sv-Q- 9 ^JI »-S3i-juuuoJI 


Si ^o^juuc«ïJI 
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. ( BX.BY ) I «kiJI 1_2_2 

Jo^pdl ÿX Si /^juul^JI JLaâjl Asu ^LuuJU M ëuJaidl clc^^juJI ^jljuuoI 2 _ 2 _ 2 

: vIs^JI 

■ (kSj ) /X-ajUC^ïJL) I ^LjuJ l;jJ I 

(5j) />ouuc*JI ! cLjuj3jJüoJI ^^xxj^oJI 

LJJlc jjÜSZJ 3 JcLUjjO ■ >oJ-SjoJI 

. T (/ ) JaOdl Jjub É R 3-IcljuuJI Jjub É P { > /xjuülj^J I ÛJ 3 : L_S 3 üJI 

\ CLuO 3 F ext = Tïl^.CL ! <jj3juJ v_sOljJI Û3jLoJI ,3 juJoj 

. P { + R + T = m v â 
(o;/ ) j3^joJI ^sOLc qs\lsdl JoLfi-juuj 

: usJLJb 3 m^g.siim-r =m l .a : ^jJLc 
(l) T = m l gûna-m l a 

\ ô^SuJI ^jOLc dLjj^JU ^xjuüLajüVI àsUsd! ^aIoj 
ôjiJI : cl*ju3jJuoJI clc3jcxj^oJI 
LLJlc jjÜSZJ 3 b Jojü^^jO ! /sJLszjoJI 

t R' ül^jJI j3^uo jjj b t P' ô^SuJI ÛJ3 : l 53 üJI 

. f' (/ ) luiJI ^Jb 

Ma(p') = M a (^)=0 &o Jt A (p') + Jt A (p') + Jt A (f') = y A P :cuo S Y,M,(F app )= JJ 

(2) T'.r = J h .O : «JUI AhlaoJI ^ J^ü v^JUb s 
ûls ô^SuJI iSjS*lo ^jOLc \J cLgj> jjjo 3 T = T : ois cdLo^jo cuJLiS 3 ^Juo JojjâJI ûl Lou 

m.siim 



1 j^-.j i 


' 777 %pV 77 Z? 77777 ? 77777777777 ?. 


CjuL> ^/CX-ajUL>JI p j LajüJ jjlxSZJ QjAjljulU ^2) 3 (l) QjO . Ô — - ! CLiuO 3 P — 

r r 


a = g- 


m + 


qj> 3 xJI JjoIsxxJ I Jjucxj a v 2 — b.x : cJb V 2 = /(x) ol oluuoJI J\b> ,jjo — 1 — 2 

! c Luo 3 2.v.— — b.v \ ( ^sOLc QjojJÜ ^LiljuüjJU ^Ü 2 >IsloJI ô _x_q) ^Lûjojjlj t ^^sjoouoJL) 

dt 


b 1 A(v 2 ) 
a- — - —.——— = 2.5 m.s 
2 2 A(x) 


-2 


.<? = * = 


2.5 


^-2 


= 50 rad.s : c^ 3 jo^joJU s^IjJI PjLjulJI v_»Luul> 


r 5.10“ 

: / qJaüJI — 1 — 2 — 2 

ÔC-j-ajüJ I ^LjulL^* 

Lo^JliJ clzisjj i B L.jJJ A l jjO /XjujqeJI JliLül Jti£ v(t ) 3 x(?) A5_ptL) AiJuOjJI AlilsîjoJI JLoÆj-jjjL 



1 2 

X B~ X A=~ at 

v B -v A =at 


V R = ^2m.x b = 2m.s 1 

! j^juÿ-yuOjJ I ^jJuJ 2> Is2joJ I 



























X 


t = 


V B .cos(a) 




= V B .cos(a).t 


J = ^-g-f 2 + V B .sin(a).t 

jLjüjoJI ^jOLc JuZl^U 


^svJLc JuZi^ü v_sJLJIj 3 yj — h — 


8 


2. V s 2 . cos 2 (a) 


v^SvJLJI i^jOLc LpjLùiS Q^uOJ v_S^jJI 


.x 2 , + tarifa).^', : cuo 3 _y =- - — x 2 + tarifa).x 

2.V B .cos (a) 

-. x 2 + tarifa).!; - h = 0 : cujUI o* ^1»° 


8 


2.y s 2 .cos 2 (a)' 

X; = 0.62m LpJ^Jb* jc4 3 1.66.X; + 0.577.Xj -1 = 0 
Xj = 0.62m 

> / cÜaüJI v-S^juI-^J 

) 7 / = lm 

\ JLziÀjl XSL) M ^jJaJU cuiaiJI <XCjuuüJ\ — 2 — 2 — 2 


Yjl 

r 



: 3 &B =&M 


V, 


M 



- 8m.s 1 


i v_sJLJIj 3 
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CUJüJüüoJI ISyUoJI 

Système mécanique oscillant 

<0 jüJüüo cuSûJliûuo Olfi^joctjo fiJJJkJ — I 



UjIqJI i>x»laJ| 


1 

feujuUI u^MI 



oJJI 



vuj-oJ I ^j«uI i 9jJ I 


cujujujoJI cu5uJ15uüoJI ax^^jdc^oJü kàjjsü — 1 

jÜ^juüuoJI ciS>^ ><Gu cLC 9 jog*jo v_sv-ûi clSLûISjjoJI cLC^jo^joJI 

. ^^LuULiijO CLuuOj ^Juo J\Jj> Ig-juULQjJ bJj LouO y> \ <téjS*J\ yJUjSZjJ jjSÜÜ 

Cr,l$JI ijjüI^JI — I 

<ÔG*ü Gub j 3 ^^uo J$j> cLujuJü jbdj IpjlSuob <^j 3 _jJjüJJ ^Jjl9 jj«X cl£ 3 jog*jo JS 3 _û> ÜJ 3JI I 

■ Gos-G^ 

: cüjIjl> clcLjj : JLuo 

. ùl^jJI j 3 ^jo (a) j 3 J^uoJI j-Jb R . ÛJ3 P : cuJLII ^3üJI ^sJJ gGai*j < ^IsJI ciSjJ> Jul£ 


^jJLc J3 ^àjo lSI IgJ jjjulJ R LoJuj t .LüS cl)J 3 v_s^ ^yolsjl ciSjj> ^jvJLc J3 S^àjo IgJ v_sgJI «33ÜJI 

. ^IsJI 

JsüuuüüJI UJjl^JI — V 

Ou b «^jvüsl j 3 >uo <jjo cüuÜ cisLuuuo ^svJLc Qs>j\jj cu^Lo cdaiü JS 3 _& JcljuuuJI JJJUI 3JJI 
JjL 9 jjS^s ^JLo^jo cuJLS <- 9 >bu <bJlc -V^r C U 3 ÜS ^JLaj iiJHuJu <jjjl3J ^Le J3,zi^JU LJLcxC 

. Ou b Jjob*u v^9jJaJI JuujÜ3 ^ljOo\JI 
. /^juucJI ^jOLc .LujâJI >ub F 3 /xjuucJI OJ 3P : cuJUI «33ÜJU 3^,9 ii^uULJI <jjuI 3 jJI ciS^j> JOC 
^bliLû Lûijjub .Ll> F Louuu t -laàS <3 ûJ3 v_s^ <jjuI 3 jJI àS>y> ^sOLc J3AÂJ0 IgJ v-sgJI ô_Ll> 3JI 03ÜJI 

. cuSjJ> ^3JLc J3 ^ÀjO IgJ <jjUlJ v_sJbJb3 Olj3jJI j 3 >j 0 

/^juucjl ùl cJbJI ÔJlû> v_S^ jlocl ( r « j9-k> Loi JL> /^juucjl S^l : ^Jb^JLo 


. O J I3 JI ^jjü I 3GJU c-Lz) L> cJb>3 bJLuo LSuuSLuo b JuJüuo J^l^juuuJI 1 jjüI 3 -gJI 3 bJo^J 

V^vJÜI 2 

qjo ^3!^ jjuuüb^jùo ^juGoS 0^3 £ 0^1 ^^> 1 ° A>l v_S^JL 9 gJJLuu ,jjo O3SJU v_sJJI < jjjI3j 

. gJULuuJU v_sObJI ^9jJoJb ôj3-zi 9 jS>o 
^S^sljuullS t sS 3 jJb gJULuuJI ûl9 t dJJLjuuJb /xjuul^joJI (A) j 3 >joJI dp> 0 CU 3 I jj La^l ôjb( JulC 


t SuJuJI cuJ b> ^jJJ ô^352JÜ 

J3^> ^-jl-OclqJU cLujujü ciS^j> <g>jg*ü v_5JLJb3 gJJLuuJI 5I3JI />${sü Couple de rappel ^IjüJ cl>3^>o 0^3 

. ^JGGuUUoJI CÜJI3J g*Z)3J0 

ÙjdoJI ijjjI^JI — ^ 

cÜjO^jO C1JLS3 cbLzüJO j+£- olâJ ^9>bu <^jJLz5 /X-juUL> <JjO OjJûJ I < jjüI 3 jJI O 3 SJ 1 U 

. Oub JjobtJ CjuÜuO ^ZubJU v-SO ÜJI 
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ÔJlq) iSjsü i jÜ^juüjoJI Qjj\$j g^^jo J^> cLujjjü <îSjS> js*du ûl ^>\)û ÙjJj 2 ü$ ^yx *LJI Ju^C 

3I Ljj^jlSuo 3I \JIL*) üI 5 li>| ^yiuljJI cJb*j ^3!*^ v^soJI3 /x-juucJI ^jJLc ^LJI b <jjo cüLlLjoJI Ô3ÜJI ^jJ[ 

. 03ÜJ ^jvjOs-juuü dJJjJ t ^iuLJI ù^jujü Ô3ÜJI ôJlûX /)${sü i)| \)o$âj/xo 

. Iÿjljjü 0 ü 03 cüjjüJüJI «tëpJI - 2 

iJujsü 1 — 2 

Cb^Lj LL*)J I oUjuJÜXxJI JjjOJ ^SV^3 £ iJul^jO gÿ)£X) Ü3^ V^ls CLuJüjüJI 

: CLujüjüJI g^l CÛ\AJ JLüi 

JojL^ïuoJI <jjO Lo Cislb 03^ £ ta 3 ^uùl 5 uuO ^-jjjJÜJO \ ôj^JI CLujjjüJI _ 

. QjSy> v!»IjoJ J [su v_sorjbJI 

oUJuJûJI J\L> ô^3ÎLâjoJI qjâlhJI dJUi>3 v^JuJùuoJI IûXJj^Ju v_sbJI v_s^ I cüLzdjoJI ÉbjjujûJI _ 

. cuiajbJI clcLuoJI JUuo . jlgj> ^Jq-auüI3J 

cLC3*xj*joJI ^jOLc oUjüjJ jjJuoJU ^svjOouuü ciSuûlSuuo <^£3*)^**) LoJul£ ! cü^huulûJI CLuJûJI ciSjjJI 

. ülôJU ^^VjO^juUÜ ^_svjjI3 CUÂjJÜjoJI 

ôjüjüJüJI oIjjüoüo 2.2 

jJ U uuUUdJI Ù^ljJI gLiD^JO . I 

^iijLjuuuoJI §*03*) Ü3J> \JJ cLujujüJI Jj*ûj ül cuSuoj \J y> «^jvSLûiSLuo v-V-buo 

C*S^pJI Ç-JUÜ3 — V 

lSâJI JjJloJI IûXJl>Ij sJvjJI cLl>3joJI ^3-^aüJI cLcx^aJI 3^ Juoj^uo >^3 y> ^^^uûlSuuo v^JuJùuoJ <téjszi\ g_juJ3 

. jiijütjuuoJI gÿxgjo ÿX v-VJûuoJI 3I ilsaul <-SJüo <j-C jjSL), 

. 0 LS3I3JI JjOs^jLjuUU v_S^-L) I <juul3j3 JqjLJUÜLaJI ^jjü I3JI3 OJI3JI ^Jjül3-*^-) ^L^juüLâ J U 

) v^J^IÂjoJI <_I JjCXS^jLjuüU £ ÛjjoJI ^jjüI 3-Â-U ^b^uüjJ Ü 

( QuJ&jJïLLjulLO 

: JL* 

ùjlsJI ujüI^JI • 

£ ùjj^u jqj £ ^AjLajüuoJI Qjj\$j 2 ^ 3 ^ OJI3JI ^>jul3-iJI JülC 

^sOLc ^3^^ sSjJI v_sv-aj»jI jJI lS3jLjuljuoJI v_s ^9 ô^> oLjüi) 

. G ùj^xS j^>oJ jÜ^juuuoJI OJI3JI g-^>3*) ^31^:3 v_$\JJuJI g^3*JI 
0 (t) cl^>^oJ| CU3I3JI 3^ ( Joj^uju 3I ) OJI3 ^ 13 ^ sS3ljJI J3zaS\JI 

\ *<huptj 

jiLL^oJI ùjl*JI -uc G s-o^> G (éq) ■ 9(t) = (OG {eq)> OG (t) ) 

. t clLjJUI _\Jlc G 2^3*5 3Ü G^ t j 3 

. cuJLjj Lo^S3 cUû>3*) 1 *Xjl 9 0 sS3l>ll J3zaS\JI Jl>Ij c^^JI cLuI 
0 £ ^jJ3\JI oUjujJU CLljuüuJIj ^3*xiJI Jl*Xi^U3 

QuülpJ cLaJLL*JI cUxjLiiJI l 3j0ouuü3 (—0) Lj^ ^0^3 0 m l 53 ziS 

. Jjoj^joJI j+£$ j^i\ OJI3JI ^13^ g-*JJ3 j^j-aJuOsjJlJ I 

UjjoJI uujI^JI • 

cLuJuJü ô£>y> Jy^ûj cüL £ ôjjjJ^J3 ^*iüLJI j3^ü*) ôLfcjl ^333 jÜjljuuuoJI Qjj\$j §^3*) /x-juucJI ^>ljl -Xj-C 
Juol^uo^l i ^ j>k ) /Js*JI ^s 3 OjjoJI 1 jjuI 3JI /Js*)J . g^)3*JI IJlûü J3^> 6 jS> 



G éq G = x(t)i ûî ^juptj x(t) J3zaS\Jlj JAjuu\JI 3^ü <^j>3*)3 v-Sv-^juIj j 0^3^:*) /xliijuouo3 


. jÜJLjuuuoJI OJI3JI AJlC G g-^3*) G éq 





























R 


c 


t 



G(t) 


xf 


Loul 9 X Jc>b t jjju l^jJU ôJuoj*joJI j+C-S Jl ci^pdl Lui 
§_juJ3 X m v r 5UOs_JuUÜ < X m ^lJLjuü LcX-a^3 X m 

. OjjoJI 

U^bül ^JÜI - g 

CLjJuOjJI ÔJuoJI 3_Q> JuCX^jO jjl^ 3 >> v_sv^uùIS uuO V-V-LôoJ T 0 ^bJI j3aJI 

J-Qji-JuüuojI Qjj\$j g*O$J 0 <JjO VU-VJûuoJU QuJLüuO 0 -Jj 9 jA <JuU ^JL-olôJI 

) CLubJI V_S^ oljL>3JÜ v_sJ LsÜ I /)UûjJI V_S^ ^-303 l ^SOïÛjoJI {JJJlÔJ 

^iuJlSuuoJI oüjüjüI ï$jx> 3-2 
^^joâJI 6>o>Lb - I 


! ^U><iü 

objub JUïÛJ t ôjJjSXÜg ^JÎjLJuUUoJI g-ÎO3J0 ÿX (0JI3 jjuU^ \LiuO ) i_SvSuû iSuuO VU-V-XjuO ^'Ijl 

ô^û^üôJI ô_)lû> ^suo^juuü t ^iiijuuuoJI ^*03^0 Jû-C ^ûS3ju ûl ^jJJ t <jjojJI &° Lc*u;Jü L^-SLjuü 3 ^^Lju ô^> 

. i_SvSuûI^LuoJI ^jOJâJI ô>£>lb 
! ^SUJkj^ü <j^uou v-_SvjJI3 ol^lSLi_>\JI ^jJJ ô^û^UôJI ôJlû^ vS^sj 

. oLjujJU v_jJL^ ^3joj> Ip-Lc £üuu v_sv^JI3 c lJL^ oIS 15 Ll>I _ 
. oLjujJU &jlo ^3 joj> L^Jlc gûuu ^$^13 ^uüLo oISISLl>I __ 
. cuSuûISL uoJI obiuJJI ^3 joj> cLoJajl _ vu 

! ^LS2uLoJI ol^Ü^^b ^3xx>JI 
■ C ^— 

t ^_SV- 0-91 v_S^jl3-Û> Juiaj ^39 OJI3J CÜL> ^_s£ JLj*JI v1juU> (1) JijuijJI y^S jjuuuoül v ÎT S'-U><ïlJ I js*ûJ 

. QuJUojO üLàjUI 035b vluC^U 


R 


L ■ I ^ ^cujlO? 

m 


r 2 ^ u 


1 

I^MÛMÛÛM^ 

X 


. , aî s 

Z 


O'U 1 


ïl^gJI 




lSsJIjs i 3 j$ 


(1) JSjîJI 


( 2 ) JijuüJI (_5\JLc ,J^aci 3 . < 3 _Jjij Q£.juuj O3JU ùjy>ù /jJ 1 cüjljÿ (jX JLitJI Qjjjÿ cLsLziaoJI jÀAiü 
JijuùJI ,_S\jJïjuoJI v_sJLc «ijjJtjJI (jJÜLàj -US2J3 VS3ÜJ0JI ÜjsJI CH 0 3 gJa 9 «JLa^âJI l _sJLc 



(2) J£XJI (3) 


0 


X 


-> t 


^jd^d oL5LSa>I 

(4)J£jJuJI 


. Jlodfcj gjo ^ft^agoJl Jj-àjJjü AJlC JLpül oUjui <\siju±io Lo _ 1 

































. cJL> JS v_sv 3 v-VJûuoJI />Lkû3 :>3jojâJI <*Âjuz> ^_L> _ 2 

3 

: 

. sSj 3jJI cLiljJj /jlkûJI : v_ûj^zJI ^3jojîJI cJb> _ 
t^SvSjûIS jjoJI «^-Xj_XJLoJI Jj*ûj cJb*JI ôJlû^ ^_s3 

. jJLLjuUüoJI Qjj\$j g*^3JO 

Lû^j3^3 ^Uj3^ cIjljJj lgj| J3JÜ ^Uj3^ CjljuulJ v-V-SùuoJI i °&y> ûl qJbdl ô_Là> v_svS ^1 LoS 
. j3-^I c IjljuU X ■ (T„ < T) Lc>3j<xc . v_-»jujjucxJU T 0 ^bJI 


CLyuO^J I ÔJuoJI 3^ XjSLÆ Ô^^jOO ISjjO <w> _\j JÜuoJ CLa-JuUüJIj j3_xJ I C L*—xJü 

. ^_5nJ%juoJI (jdüLfiJ »*_5\S jJLLjulJUoJ I {JJO ^ Ju JuuoJU Qj-JLüuO 

■ To ^bJI j3-îJI 3^ T j3jJI cijljJj ^sv-û^Lj loJS £ v-VjûuoJI ^3xx> üIS loJS : cdb3^JLo 
ôjj«J>3 ^Luuoj J\Jj> />_Xs*Ju ûl ^jJJ ÔJuJju ciSj^dl g-*jJ3 ^^sLu loJS £ Lo^jo :>3joj*JI jLo loJS 

- sS^^MJI ,plbuJI : ^bJI ^3 jocJI oJl^ - v 

cüj 3^ \J Ipjl J3ÜJ £ Sü3^ jj-C V-V- 3i - lij0 JI ^S>> Ü3SJ cJbJI ÔJlû^ v- 5^3 

: cuJLJI o\JbJI ^JLc 

. ûl Jj 3 ôJl>I3 3jjuS ^_-»_Xj_XJLoJI jszjü ! Cjüzü /jISjJI _ 

. v-V-^ ûl 03^ jJLLjuüU&. Jl Qjj\$j g^3jo ^jJJ vJuJùuoJI ^3SL» Ûjup> : £>^JI ^oLLbjJI _ 

: £>^JI />UûJI — 

■ s->-VJüu 

$sü V_sv3 LpJLûjib3 qjoSj cSuûISjjoJI Ô>£J>\JI ^ôib3j cLujuJü cSjJ> cüLzJ ! cLb^JLo 

. <jjUlJoJlS^j^S oJq-juJ I3J jl^ûi ÔjJLjuJ objü3 CüLuZ5 ! JliuO . j 3^ JS i^S^B Ô^JülXxJI 

cuLoJI olSlS*>DU ^^jocül — £ 

Oj I3JI I3JI J ÜuO 

03SJ " cuJLzJI " üIj3jJI j3^jo ^3^juuuo ^jOLc 0SSL0AJI 03SJ 
Lp-S2_AjJ3 ^31^3 ^Uj 3^ cbLjtJij <jjuI3jJI obiuS cJbJI ô_Lq> v_svS 

u^bJI j3 jJI objujJU j3 jJI cLiLjJij LS3LUÜJ3 . ^Lii^> cUÂjSj 

. JuOJ^uO >x^3 ljJ> üS l3j 

. oJLg jxmj & } ilc^jocajoJI OÜJuJ OuujIj^ — II 

{ \jioub 

. i>0üU IgAJgu i5\JI ^1 Jü^UI 033 — 1 

: cLuü>^JI cUjjI^jJI 

v_svJL^\JI <^3^5 £ k cu\Lz) 13 Lcub JjobJU 

vijuij> ^LJI JUojkS £ m ^joJbzjo cdLS ^uLJ A ^9 jJûJL ^isj 
A () A éq cisLuuuoJlj ^pJI ClS^-b JjiijU Ûju k^U i <*J$b £uu GO 

. ^LJI cu\bz5 cuJLo^JI cLûjj-bJU jS3 _ 1 

£ÜJl1juüI 3 £ cLoiaxxJI cdLSJI ^sOLc ^Ul yJBjk QJO cLaJcuJI Ô3ÜJI ôJuJJ j+jSÜ £ £,£ Q ,k cJ\Jju JclcI _ 2 

. AçA é ^-^lôoJI3 k cJ\Jju F j+j£ü 

£ Aq g*b3joJI /^juucJI gx) <^juüloJ clLüJ J-od l>^ ^iuLJI Û3SJ LoJÜ-C £ v_sv-asl 8^3 V_sv9 b^ Luü^ >siSL; 

. qjJLojLLlôo 3 Aq cJbJI ôJ lq> v_sv3 Û3SJ 

. A g-^3xJI cÜaüJI ôJlû^ J-od (Lb3âJcbo ) \JÜojo ^^uLJI Û3SJ LoJulC 

^OuuapJI ijvic ^JUkuoJI 153 JÜI 1—1 

u^uLJI <^9jJo qjo cLq-JojoJI Ô3ÜJI F £ ( dJlSjiJ>\JI vb-C ) ^sJLc 5-b LjuUL H >ûb /? 3 /xjuuljJI Oj$P 

. v_SVJJuJI ^jJJ /^juucjl 03S v_SV^3 ./XjuUcJI vjvic 














































R 


Jju^I oIjjüoüo 2— 1 

. ^LojJI cdaüj : >uLJI cibüJ 

u^uUI j$ 2 cx) : >uLJI 

S < 3 j>jb> 3I t \JLkuo ^ruLJI cJL> v_sv 3 ^yiuLJI Jj>b 3JO cL>3jo ! ^jotJuoJI 

cj^-b l t v_svjJuJI cj^-b 3 jJuoJIj cuJLbj 3 ^^uUI cu\Lz5 k <ôuc> F = kAl — k(£ — £ 0 ) : ôjuJjJI 

. v_svjL^jJI 

. F = —kA^A ol Cjupu A cLbüJI JUjuI q^züjz AqA q^j>lLoJ\ Al U ^u LJI cUlbU o^üj ol 





cuJLoüüJI cJ^IaaJI _ 2 

. ÔJuoO*jO >J ^3 ÔjJ> o(jjui> (5) /^JUUC-JI JJfcJu OjuptJ LfiSl Ljuül 3 j JJÜSL) 

ùj^jq /xbbuouo3 Xjq\s£Lo 31 ( 0 , i, j,k) v_sv 9 X J 3 j zi 3 \JIj <^_J-£lII /x-juuc-dl j 3 -£i 9 jS>o G 

. OG — xi ! Ojl3jJI Jul£ G S-^3jo G 0 cjJL^I v 3jUoj v-S^-a^l ( 0 ,i) 

ôjLûlcIj v_sw^jI ^>>cxj Jû-Üjjo ^oJLszjoJI 


A R 




<jj3juJ v^sOUJI Û3jLüJI ^3-JcLi OjuL> LJLJLc 
. c \üSjJ> cLuil (5) /XjuUC*JI ^^OLc 

-> 3S (5) /XjuUL^JI : CLjuJ3jJüoJI ^3jOô^joJI 

X . m cdb 5 

3 cüJ3 P : /^juul^JI ^jOLc cLdjJojoJI l_S3üJI 
ol OjuC^J /XjuUL^JI ^jOLc ^yiuljJI L^jLJûJ v-_SOiJ I 03 S F 3 /^juUL^JI ^sOLc v_SV-û 3 ^)l <-S3 jljulJUoJ I Jjj\j R 

AqA = GqG ôAy> v_s^9 /^juul^JI ol loj . .F = —kA^A 

F - -kxi 0L9 CLU03 
P + R + F = m.a : s^obJI o^jLqJI ^ljuuo 




















































R 


F = m.a (O, y) j^joJI ,_svJLc vU«J P + R = 6 LjjJ 

. — kxi = xi oî tsî t «üà^JUI JulC G &^>5jo x oî F = —kxi : ( O , i ) ^^JLc LüLujVI 

Jç 

kx + mx = 0 ^>x -\—x = 0 : clqjLuJI c0\bdl ^ ^uJL^LâJI cLbl^oJI çüjj^ujJ 

m 

k 

. ÜjjoJI ^jjuI^jJU c^[sü]\ cLblaxxJI JjuoJ x H —x = 0 : cis\Lsdl 

m 

1 v_S\.Qj..a. 1 o,a,JI ^jJjjOûJI j-bul . IjJ I Û^oJI UJül^JU ^IjljuJLâJ U L^J| JuZî^jJI Q^uOJ cJ^LsioJI ^jjüLQJ ! CLb^JLo 

: 4jJL^UlJI J^Ü2joJI _ 3 

2 ^- 

: cLup* x(y) = x m cos (—t + (p) : v_sJLJI J^jJjJI ^sOLc 3^ ccolc ciâ^u lgJb> coJai* clJL^Iôj cibl^o LujJ 

^0 

2 tt 

. rad c ü_xj>3 t cdô^JUI ju^c oUjjjjJI J3J0 ; (— t+(p) 

Tq 

. rad v CU-C jjlSZJ t — 0 cüd^JUI Jux; oUJujJI j^Jo ç? 

(m) >oJU ctfpJI 8^3 x m 
S v oUjjjJU _j3_\JI Tq 

2 n 

x(t ) — X m COS(- 1 Ç)) ! v_S^^ c L*JuojJI IpjJb < Xjuul^' < Xjj^u^Xjujuo ^XjuüJ^JU G ^S 2 j-J o 


-1 < cos 


^ 2 ;r A 

—t + (p 
T 

\ 1 o y 


. cçuJlJI Jo 3 _^jJuJI qjo ls\LLjl ç s x m v_scüo^s _ 

^ +1 => -* m ^ 40 ^ +x m : 4-^ - 


ijâbJI j£aJI >uai — 4 

i_S\5J ùjS^j v_s\Æijj sSjJI JojjüüJI (jX: Cjjejj iJJuÇzj cijwLioLàjJi 4Jil&oJI (Jjo IsMJajl j3-lJI 

2 tt 

: cüüLuJI «UJLbLàJI «ü^LsloJU \b- x(t) = x m cos(—t + ç ) <UIjJI Ù3& 


4;r 2 

x(0 = -—^-x m cos 


(2 K \ 

~ t + ( P 

d)jS 3 x{t) = -^x m 

sin 

f 2 k \ 

— t + ( P 

T 

\ 1 o J 



T 

\ Â o J 


LujJ 


: cuJLoLàiJI 4j.il&oJI v_s^9 


4/r 


x_ cos 


2 ;r 


x m cos 


t + cp 

H- X 


T 

V Â o 

J 

m 

2 k 

\ 

k 

4 k 2 

- t + (p 

— 

_ 0 

T 

V A o 

J 

K m 

T 2 

7 0 ) 

4 k 2 ) 




_O 

= 0 ^T n -- 

= - 


2 ;r 

T 

V i o 




= 0 


v m r 0 y 


= 0 


m 


OjjoJI ujul^jJU ^bJI j3jJ l r o oî Cupfcj 
(yv/ wî) u^uUI 4 j\Lz> k 3 (S) c üLS m 


1 1 


f 0 = — = — . — : 4 JUI 4 à\lsdU oUjjjJU ^bJI üjjJI !>c dUiS jj&> 


T 0 2 7T \ m 































(Hz) . jJjÿ Jl v_sv^ oIjo^JU v_SVJoJLsdl />UôJI V_sv 3 ^>JI ÔJ03 


I ^ 

7J } =2 tcA — 33\LaJI vjjo Vb 9a^üJI : cLajjIjj 


. A éq Ojl^JI Jul£ A clLiü-JI /xiajoJ3 t u^ubu cLoJb*x> qJLS ^JLaj 

LS3JU vÎxÜjjO c lIq-juJI 3J . CLuJu CLCj-juJ O3JU 1&jjJ*Ü 3 g-juu^b JjLajü\JI 3^ IljujIj ^JûJ^oJI ClJLSJI Qj'jj 

. obju3 10 ôJuo jjjlAjlÜJ 
. X m ^IjOulS ÔjjO JS OuL^J oIjjO 3 Ju^S2J 

. u^uUI jJjULÔjU ,^lâj[J>\JI gjo ÔJJO JS <^_S\9 ^JLSJI gjO oIjjO 3 CUjJ^ljJI Juai 
. cloJLs^oJ! qJLSJI ^jjulqj ULos&jljuj^ àjÆ JS v*_s\9 l JI jjusu oI^jo 3 Xjsû 

ciSj^JI g_juü3j j3-jJI ,jjlaju J^& *T ôJl>I3 àjj u3 ô^jujLuo jjjuuüj \J ISLoJ _ 1 

S* ^bJI j3 jJI ^sOLc ^Ul cu\L^) 3 ^xxJI /^juucJI cdLS ^jo JS j-Jb Lo _ 2 
S* cuJôJI cLiuüljjJI v_s\3 lpJ| JuZ)3JI v_S^jJ I ^L9\1 slJI ^3913^ c l^i r *jijJI ÔJl& J_d>_ 3 

iSÜJI OUjüS — III 

. iSvJUI dULuj v3>b <jjo cüukuoJI ^Ijü^DI 0^3j>0 — 1 

£ QujJL>3^jjcxJI ^9 Jl> _LlC3 . l^JL Iâü ül9 1 SULuuu ^Islo vuuZa9 ^sJLc ,jjj 39 ^U>3^>o ^julLü _Ll£ 

Ô_)LÛ> £3J>3j 03 yuk^LpJI ^jvlc SULuüJI 0I-J3JO L^jLlLij v-SvjJI 039 J SZSU Qjj\$J ^sJJ SULuuJI ^3SL» 

. v IgJ ^JUI cl>3^Jjou ^jvjcx-juuü c L>3^ > jo O3S-1 v_S3_qJI 

Ji c = —C .0 \ CÜUI ël9\lsdb eue >^3 j3^^oJI jjX JjLüuuuo cl>3^JjoJI ô_Lcb 

raJ v s^JI CU3IJ 0 $N.m.rad~ l vjmî> lfjJL>3 SULuJI vjnJ A^b C ol 

. CUJLC3JU3 <^Llqjcv3 SULuuJI J3-Lij v-sJUI Aljb ^3!^ 

. l^JL>3 yJLgJI jouuucJI 4S„pJ OjJL^LûjJI J^LajoJI _ 2 

g*Z)3jo ÿX ^jJû ■ ^iijLJuuuoJI »^sv9 v_sJJI jjju^ jjü&> 

yuuZLdJI jzzLKjS £ cLu Ju clc^juü O3JU ôjjStùg c 0 m <=03 IjJ U CÜJI3J 

. jJLiljulJUoJI g*Z53jO J3^ ÔjJ> CLujüjü cSjJ> 

j 3>1X)JU CUjuoJb vuu^lqJI j 3-^9 /)>C / a . cdLo^jo oSlSi^\JI 

.SULuuJU v-jJJI cLub C 3 . SULuüJb JUuUL^joJI (A) 

Ls^^jO ÙjjJSÙ sSjJl3 ijâjü b JojÜ^jO g_>^X> V_sv3 cS>^> Jjjjjju 

<^juuuJü sSjJl3 ^ sS3ljJI cJ3 J za9b ^juuJoiiJI §^3/) /xL^joJ 3 £ LJLJlc 

. OJI3JI Jû-C yuuZLoJl ôbül 3^3 v_svs^>0 ôbd\J cL^juoJb 
j-Jb/? £ '-'JS ^ vjOLe clü^^loJI US3ÜJI 

. = —C .6 3-oi lgjo^3 v_sOUI cl>3^>03 £ vuuzlqJI ^sJLc SULuuJI 

! V^juiuuCLQ. Jl Sbj^ijJJ cLxjuüLjuü > i cL 9\1 sl)I ^3 julJqj 

m a (P)+m a (r)+m c = jJ 

ûl lSI /)_X 52 juo v^juuJcLfiJI ûIj3^ pJLc Lo^J3SiÀjo3 ol^>3jJI j3>joJ ûlajLbüjo R 3 P ^^3^1 j-Jb ûl Loj 

. joJsûjq LcX^jOjX: 

M c =J a . 0=>-C0 = J a .0 

.. c 

0 H- 0 — 0 ! v_SV-Qi V^juuuCLQ. Jl ciS^pJ ctJLbLâJI cü^IsjoJI 03SJ v_sJbJb3 

A 



: cuJLz)LàJI cJ^laxJI Jj> 




























jjjjIcjjJU culjuüjJU IpJI jqj v_s^-jJI <^JL^LàJI cJ^U^JL J^LjüûJI c lo> < b ^jo c L^ r ^_*jj ^«JL^lôjJI ^J^Ls^oJI 


«(»)=«. 


cos 


^2;r A 

— t -\- (p 
T 

V y 


! **_s\JLJI JIjLûJI <- _ 5 \JLc o^£La_iuj LgJL^ 0I9 jüUS ^_ 5 \JLc LajuLs^ ûjjoJI 


. ciSjj^JLI cLuJuJI ûlalsLu (p 3 6 m 

: u^bJI j^JJI - 3 

3^3 j^JI v_sJUI ^juul^jJU ^bJI j 3 -jJI usJLc JuZi^ü cçJLblâJI cJ^laxxJI v_sv3 Jj> ^^xj^süj 

! usJUI JIjuJI ^sOLc 

$kg.m 2 CUC J_iai (a) j^jcxJU cUjujuJU ( ^ * I 1 ^ ' I I 1 1 I ^ I I ) v-jL^aiül /ï_>c / a vlic> r o — 


. N.m.rad i^c j+sù dJL-aJU v_sJLJI <ijub C 

1 i [c~ 

fo= — =—J— : >^UI u^bJI ^>JI 
l n 2 K V 


l^L. 




2 iîL, 


4-^-1 Ml 


d 



cis\lsdl qjo v_sw>^JI ^3ü^JI : cljuüIj^ 


kSvjjïû Jl jL^JI 

cülJLj q-a^JLajj qjo Ü 3 SL 00 JI 3 cluL> Jij^JI v_s\3 JjüouoJI I yjukS^jJI j^sJj 

v_$n^ ^SÜLuuJU cüSlSuoJI v_SvJUI CLjylï ûl CjuptJ C 2 3 C l v-_sJl_9^JI ^sJLc lcx£_J 


C — Cj + C 2 

t J3JCJI ^0 L^juulSLc yjLJuuLuu v_s^3 i dJÜLuüJI J3 Jûj ^laju v-sJJI ^JuIj ûl ^oJLs2J3 

v_sv^ Lo^juo ôJl>I 3 qJLiS Q-ajuOJ>LjuU cÇlSjJo <^9 Jjoj^j <jjuü b^juo v_sO-X^jo yjuûoS 

yjLjJaoJI j^ziS /îjX: / a ÛjuC> J a = J a + 2md 2 3 ^ ôj 3 zi 9 m 
. ctyJu clc^juu Ü3JU cLqJLL>J3 0 m cu 3 l>Jb §^03^0 ÿX yjuûaiUI £ujj 

133JÜU1JU0J I v_sv 9 cüjI3J £^3^0 cLûIj 3^ cLyjujü àSjS> yjuuZiii Jl ><ûj ! 

yj^ûaiîJI gjo JuoLsüjoJI 

UuuflJÜI jQjA3 JO y£> jjüÜ — 1 

J A ùj$*æ 3 Pj-^ C ctJ cLüb ALuj _L>b ! àjj^zj 

J A — J A + 2m J 2 

yjLÛaoJI ^jOLc CjuüuoJI /xjuul^JI 3I cUx^ljuuJI ITI . yjLÛaoJI /)>C J A 

. cLo^uuuJl3 (A) j3^joJI Quy qsLuuuoJI d 
CÇJ3Z5 j$S ^çJb> ccb-juj^ To ^bdl j3 jJI U juuJÜ3 d cisLuuuoJI jjj^j 

■ v_s03>iiJi oLûjjoj cÜojJjjo 

T Jâj>\b ISLo J A sTq /yj£ Ojlsü 

To loJS %s\ To dUÂS d col^jl LoJLS 

. N>l ûLljujLuU 7" 0 3 ^ LüÜLjuJI 

T 0 =kjr, 

m dULuüJU l5vJUI cljU jjJü — 2 

_ QJslju^) 3I <^3^5 _ dJJLuüJI jjSL)^ J A yjLÛaoJI />>C Ouuu 

































li>lo C 3 r o /Xx 9 OjLiü 

Tq u^bül j£JÜI uAdLjj dULuüJU cvJUI 4 jjü col j j\ loJS cul : Jo>lü 


r=^ 

0 Vc 


Cl yJUü CLuOsiJI UujI^JÜIj LljuülSlC ÜLuujLüJ Ç 9 Tq Cl iSl 


• Ojl^JI UA/I^JI übjü^ . IV 

. IgJb^ ùjl^JI ujjI^JI àSj^J OjJL^IâJI J^LajoJI _ 1 

ùj^s />>C 3 m qjJjS ( S ) /^juul^JI : <Cuj 3 jJuoJI clc^joj^joJI 

. J A v_sv-Q- 9\JI (A) ül^jJI j3^joJ cÇjuuuJb 
. LJLJLc ùjjJsù$ v_sCoj^JI g^r>oJI njâj\ JU -kuJjjo ■ >oJLs2joJI 
0(t) s^ljJI J3 -^iS\JIj G < jjjI3 JI S*^3 jo joJsldj JS v_sx3 
! clC 3 joj^uoJI ^jOLc cüLlLloJI W 53 ÜJI vp* 

P LpJj3_ 

. P clC 3 xx>joJI ^jOLc (A) j 3 j^uoJI >Jb _ 
Olj 3 jJI cJL> V_sv3 cLC 3 joj^joJI ^jvlc SL^JU cuLuu\JI <=L9 \JLsÜI J^lIcl; 

M a (P) + M a (r) = J a .O : (A) j^xJI J^> 

Lpjo_j£ ül9 (A) ùljgjJI jjpsjo gjo gJolaij /? ô^üJI jjpb hc> ül Loj 
M a | R. ^ — 0 ! Jl IjLpJ ClxjmljÜlj ^OJlSjuO 
^t A (p) = 7 A ^ : s^WUs 

-mgdsin# = 7 A .# => é^^^-sin# = 0 (1) ùî tsî M A (P) --mgdûnO : LujJ 

• 1 \ 

USJUU 3 >xC v_s ^3 OJI 3 JI <jjuI 3 jJI cuJLblâJI cJ^LsüoJI v_sv^ L^JJ JuZ? 3 JI /xj v-sdl ^L9\JLsüI 

. Luu<J> ^jjlJLaJ L^JL^S 

. J*SUO g-JUü3 Cl/Jl/jJI CÜl^ 

O 3 SJ cJb*JI ôjlû^ v_sxS 0 S 0, 26rad ol v_sxâ^ 0 S15° oùS li>| j+siæ S-*j >-»3 oli> oU ju jJI >csj 



64^-0 = o 

J, 


( 2 ) aJL^liüJI cJ^U^joJI £uu£ü 3 siné?~ 6 


\ v_s^JLjJI JSLjcJI <> _5vJLc 3-û^ qJL^lâJI ^ü^>lsxxJI ô_x_ûü Jj> oï Jjlqj t q juuj Lo LajuLs 

^(0 = ^m COS 


^2;r ^ 

- t (û 

T 1 

V i 0 


i jjâ*o g ju j g cl ^3 ojüocCo jjjfj oUjlo ùjlj i/ajI^âJ ^dbJI J3JÜI _ 2 

8-^3 cl^3 ôJuoj^jo >j«^3 ô^>j> oUâô /pûj OJI3 i jjul3J u^bJI ^3jJI 


T 0 = 2 n. 


mgd 


(kg.m 2 ) v <u-c (A) j 3 j^joJU cÇjuoJIj /xjuucJI />>c / a 
(/ 7l) v . cujuJùuoJI clC 3 joô^xxJI j 3-^3 jSjj 03 (A) j 3 >joJI quu cUL^LqJI ctsLuuuoJI d 

(kg) V L^jlC >^3 cLC 3 jOJ^joJI àlS m 



















R 


[m! s 2 ) cJLftiJI 6 



OG=t 



ÔJuûü g 


: jjSlæ &-*^3 0IS3 ôJuojSjo by> objuS jj*Ju ÙJI3 <jjuI3jJ f 0 ^bJI ^.v^JI j+jSü 


JsUuuüuJI ijüjI^JI — 3 

OJI3JI <juul3jJU cLz)L> cJL> 3^3 . v_sv^uûl^uuo v-VJOoJU v_sJLiuo gi>3X)J 3^ iaj^uuuJI ^jjuI3JJI 
: v_sJUI JijJjJI ^jOLc ^JLzjLàJI cJ^laxJI 03^ cJbJI ôâû^ v_sv 3 ■ / A = in £ 2 3 ci — £ 


cLuuO 


)jj| qJ^LsioJI JioJs #(?) = # m COS 


^2;r A 

— t + (p 
T 

\ 1 o y 


0 + 8-0 = O 

i 

\ IgJ \Ij*S cJ^LsüoJI ôJ lûü Jjlûj3 
. Joj^uülJI <jjuI3jJI qSjSzJ 


J^u_juuuJ I jjjü I3-Â-JI J3-b £ 


T 0 = 2 tt /— : Joj^uuJI ^13^ ^bJI j3-)JI 

g 




. (m/s 2 ) cJLaiJI Jbfcjo ôjuJj g 3 (m) 
uJI ^Jjul 3 jj I ^JO O^kjJuoJI J^La-ajüüJ I ^-jU I 3 JJ I (J3I O 


j3-0 ' iJMJLQJ Lcx^j ois IS j 0J3JI I3JI £LjO Cjl9[3Ù0 J^La-ajULaJI QJÜI3JI ol J3ÜJ 

. OJI3JI <jjüI3jJI Jcl*_juuuJI OJüM j 3-^ ^l sSl 




' mgd 

L^S^lSyuoJI iJjüjJI ô^lb — V 

CUjuuüüÜI OÜJüJÜI — 1 

tjjojJI gjo L^jiS^>j> ^3 joj> ^sJJ sS^3j US0JI3 c uS^lSuuoJI oUjuJüjoJI à<>y> ^jOLc oISIS 4 j>\JI JJ3J v_sv 9 

ciSjj> O3SJ dJUS (jjoSLc . .ku^joJI Oïj-b qjo ô^3ÜÀjoJI colhJI ^^35^ /xij /xJ lo cJL> v_sv 9 

jlgj> v_SvSjJ ISjjoJ I ^--»_Xj_ 3 ûüoJI fyjyszü jqJj oUjujJI <jjo £,3jJI IJlû* ^sdc Ü3Zi^ïJU . cuLzlo <^_Xj_XJljoJI 

^sJLc P e Lû^j 3^ ois clc3^jo 3^3 >x>\JI I 4 & ^slbJI °oduosj 

. T Q =T e Lû^j3^ cüj-juoS oUjuS jszjü ô^>jj>\JI ôJlû* £lu£üS i oUjJU uS^OouUÜ v_SoJI 3 CUJuJûuoJI CLC3 jOJ^joJI 

v3 j+oüj ( Ile de La Réunion 2003 jjj^j cujuuu jS U^ISj ) üw>xi jj^oj — 2 

cijJLS cdLzioo jj-c oLôJ sSS ^^uLâj ôjL^juuJI v_soJI (les emortisseurs) ol juoj>uoJI 3I ^j^jIs-^I 

( ^IzJI ^9^Jo qjo Lp-JJ jLJjuoJI cuxjlüJI ) K = 4CW / /77 cUj\L^ 3 cdLo^jo 

Ûjl^jJI Cül> CUjJ IJ J — I 

l 5 ^>I cu ><0 V_sv 9 I />j t £q = 10 ,Oc/77 ^uLJLI v_sOL^^I J3-laJI ujul^ « u^LJI ^Xj 3 qjo _vSLJÜ 

v_sJosl; . £ — 12 , 4 cm v_s^ 1 ^jJI ^yiuLJI J3_b Q+^uS 1 m = 100 g <udLiS jj^JI cis^Jcu ,3!^ 

. g =10m/ k s <2 

. K' yâiLJI v-uul^I 1 _ 1 
! ^yiuljJlj ^3J^oJI /x^uuc^JI OJI3J cOuulj^ 

^/iuljJI JJ 3 J F t /xjuul^JI ÛJ 3 P ! /xjuul^JI ^jOLc cLaj^xxJI US 3 ÜJI >pr 

ôJuJjJI < jjulqJ < jjÜ3üJI cJL> v_sv 33 ^-«ljujuJIj I Lb^jJj 


K = T ^- = 42 N/m ois ^JLIU3 F 

M 


■ P => mg = K Ai 




























R 


jLiuJI K 


X. 



exp 


•x., 


X, 


2 _ 1 

. gJL^JI jJjo cuJJ 
X jIjlÜjoJ v-SVljuOjJI UaiJI oU ^>Sjj 


42-40 

42 


= 0,05 = 5% : s^oJI IkcJI cis\JL s JI 


CU2J>%JI CUujIjJÜI - II 

CLC^jO^joJI JjO^OuUÜ {/^juUL^JI + yjêü LJ I } CLC^jO^joJI CLjuüIjJJ 
v_ 5\3 QuûuûuO i B £ A QjO CJ^SulJ v.S'AJ^ (1) JXjAjJI v_S ^5 cÜJlXXjoJI 

. _^jCXjLajUUoJ I jJ 3 joJ(+ 5 V,— 5 V) io Q J U lo a. t S J^JbïuO 

gxij E QSj .b . m cLoJ^o qJLSj Cjuuu03 JjLs2j LIS l^^uoSuo t sSjià ULyhS 

. m cuxiaxxJI cdLSJI 

<jjo jJ^joJÜ oy <*_jJaiiJl3 O cdaiijJI <jju jj $jJI jjjuLs <jSjoj 
. cujjuJüJI qS>^JI J\L> m ciJLSJI os jslo ^>0 LU_xS . E cdoüJI 


i^sOLc L-oJI^jo <j 5 uoj >oJ\Lo /xjjJ ^Lh-Ajj|3J3 oL-LaxJI JjLa^juuu ^lLuj>o cLC3jo^oJI ôÂd> 

3^o s-^3jo { js^m cdLUI cl>Ij| ol as^ dJJi>3 £ û^jJI ^-Naj m cdLSJU x J3,za3\JI ol^xâj 


2 1 

1 5 ' 

x (cm ) 


OJuCOLjO 

>jlC Ljljjy 





1 , 









0 5 - 

y 

\ 


y 

\ 


> 

"X 

0 - 

# 



■ 7 

/ 

\ 


/ 

\ 

\ 

-0 5 ■ 

» 0 

1 V Û 

V- 

!T 9 

i 0 

i 


5 0 

¥ 0 

V 

7 t(8) &!S 

-t ■ 


V 

's, / 




T - 


-1,5 ■ 

-2- 











2 J 

AjUI 






1 cm v JAjuj\JI 

O3JU Ldijjjj^ii3 
. 4 jU Ju Q^juuJ 

J-^=ü c^> 
6 _ÿ> oUJui> ,_sJLc 

. ÔJUOJ^JO JJl £-9 

. 2 JS^àJI M 


^bdl j 3_)JU cu^kûJI ci^aJI ^joulüJI ôjlq^ Jj& . v-LâaoJI ciSjjd ^bJI j3aJI _ 1 
■ ^oexp = 0,33s OjjoJI v-LâüoJÜ ^IaJUI j 3 aJU c^jUI ^sJLc ûLjuoJI J\L> <jjo 


m 


■ c ^-jh40 , <oJI c L0v-a-qJI fLo { J$B£iu Tq^ = 27tA— =0,3145 : ^bJI j3_)JU cüjAaJI cuxjjjlII <^Luuo 
.cljLJI v_s^ ^bJI j3 jJI ô_\j> 3 ol quu c ^>Lsz-i\JI clLI&jo Jlcxs^i-jujlj _ 2 
N ! m u^vUI cu\JuZ5 ô_xj>3 3 St svj^ ciJLSJI ôa> 3 3 0J03 03ju 22T ol /Asù T — 2 71. 



















































R 


kg.ml s 2 $£> 0I3 

! v^UI JSLujJI vjOLc r o ^bJI jJU ^Ls2j\JI cJ^Ls^jo ^jûSj 


(5*) cujLJI v_sv-û> ^bJI j 3 jJI 0J03 oi [r„] = 


/ 0 xl/2 

' IM].[L].[T] 2 ' 
[M].[L\ 


= M 


cJbJI ô_Slû> v_sv3 JuZi^joJI ^^vJl^iJuoJI JS_*Ju hd> . jjS I cuj> 3 jJ j>\ J 3 Jbtxxj (5) J 3 JL 2 ÏJ 0 JI ijàÿsù _ 3 


2 i 

1 5 < 

x{cm| 








! 1 4 









0 5 4 









0 - 









■0 5 4 

1 0 

.1 0 

2 Û 

O 

4 0 

5 0 

6 0 

7 t{8) 0,5 

T 1 i 









■ 1 " 

^ g 4 





— 




-! 2 - 












4j>juu 3 ObJLO — III 

JjlS jj-C c Üû_ajU I^J <Gjup* é 3 JS_GjJI v_S^-J tjj I v_SVr!><tjJI ^JuSjjJI jJ-GiJ 

dJ^pïJOJ ^^uUI Jojjj c CljuuuO ÔjSj <JjO jX>J cJjXgjO c uJL^3 :>Ijlùo\JI 

JjÜaÎjü Jû-C . Gu U j3^uo /xliüJuo ûIj3^ à<>y> i^>jÂ J <G>Jc*j 

ÛjjoJI <jjul3jJU { JajjâJI t ^jüJI 1 dlp*joJI } jlgG-dl <G>Jc*j gJjJ^joJI 

o\Lc^ijuüj ÔJlC j^cjJ ■ ûlj3^ cLCj-juü gjo N>l v^jljuüLjuu CLuJuJü 

. JJj-gJU f ÙÏSjJ <GjuC> viljJ^uoJlj JojüjjoJI ûIj 3^ olcjuuj 

J3JGJI ^jOLc JuZi^GkS f cJ\Jjü J-Oiijuüj JS §-j*jiJ 3 ol^xâj Jg^uujü3 

: v^UI 


3 J^jUI 




































































R 


ôjlû} J\b> qjo _ 1 

uSvjJI cLC^oj^joJI cUjJ^üJI 
jjuuoJI S-*-^-L 

. ûbjJI ^3^ v_sv^JI 4-C3 joj*joJ I3 

iSSjJI ^g ^ JQJ^JoJI OJLû> <m 5sJLc Oj3^ JJUÜO yjOjSU LoJÜlC CUjuuüld OÜJLO 4 a2uü15uüD 4£<3j0C*j0 

ÙÜjJÜ vJsjOuuüü 

lcm ^ 0 , 5 cm 3 1cm <-» 0 , 5 //z : /xJLuuJI Jlo^juub x m = g(/) v^^xxjJLo ^3 ^s^Lc Jjüo _ 2 
. oUjujJI ^3^ cJbJI ôJlq^ ^svS £üjl!juüI T / = 3 ,2 Hz xxc 4 JL^l*joJI ô^UôJI /xjujI Lo _ 3 


f { Hz ) 

1,5 

2 

2,5 

2,8 

3,1 

3,2 

3,3 

3,6 

4 

4,5 

x ™A cm ) 

0,4 

0,6 

1 

1,5 

2,1 

2,3 

2 

1,5 

1 

0,7 


xmax (cm) 

ùU>JI 



. ôJuod^oJI ^ ôpdl objujJI ^ 3 ^ §jo J 3 JJI lÂâ Ojls _ 4 
cu> 3 jj (5) J 3 Übïuo Jlo^ul JulC cdiu>\LoJI olj^âJI Lo _ 5 

T ^$\ 

v__S^J LaJ Lj 3 L^LSLjL^*\J I jljjjLiuJ jj^\ c US>^jJ J3JbtO JjO^ji-juüU LoJülC 
. {jjjjJ I Jû_£ Ldij3-^ ^U-^3 ob Ju jJ I g_juJ3 ^^sLuL^juü 

- Chs^^JI u$ 4 Lc ^3jocüI jjJü 
OÜJ üJÜI g,**,13 Â>ü fi ùüjJU uu£*àJI ^3 jocüI cül^ 

■ ùl J3ÜI fi ÔjJuS ëU 0a3 yJÜ^JI JUC cü^juülaJI 

oUjüjJI gLjuJ3 jl>U fi ùüjJU ^3-ftJI ^3 jocüI cül^ ^ssS 
ÜvLi0 yjJ^JI Ù| J3Ü fi jjSUO ë l < 0 ü )3 (JjüjJI JUC éüjuuüüÜI 

OjLuuuJI i^jJIaa 4 *£ 3 joj*joJI — IV 

Ü 353 . oljU0J^3 CH 0 CLC 3 j 0 ^joJI O^jU 

• /() 4jjuJÜjoJI 4 -C 3 joj*joJI ÔjL^juuJI 


cL> 3 joJuoJI 4jlbuoJb ^svjxjuüü cL> 3 joJuo oL>jOuo JLoj ^sJLc ^bjJI OJj*ü 

( OIjjOXjjui-JUL^ <JjO O I^-juJLsJ I [jÂSZJ ) L ClSLuUUO IgJuU JuZlâJ COoJôjüu 03 clJLüuo oUjl> ^^JLc kSqIzzj K-S^ÇS 

^ 9 \JjJ /yJu \J L^jul^ü v_jl zxj v_SvjJI3 iS$S S-^3 obüujj ÔjLjuüJI t V R cLCj-juuJ cLljuulJIj 


. ÔjL*_juuJ I 

. cl>3joJûoJI oL>jouoJI ^3^ b^3jo ô>û>ltâJI ôJuî> ^juo 3 _ 1 
3I oL>3jou <jjo Lû^j3jjo Ju^C t ûbjJI ^3^ oJ f 0 ^yobJI v_sv 5 Lû iSuuo v_->juJûuou ôjL^juuJI gjuoJu 

jOsjO objL> 

ùj b_juüj I ^JiJLüLjuJ v-5vJLJb3 Q-aJjJI Ô^ÜÔ b JlÂ-C Oc^ûi-JuJ Ob^JI LS3 LjuUU J I |juî> cJL> j-ÇCoJ I 


. L 3 / 0 cJ\Jju - 2 


Ol V-Sl jjuuoJI j 3^ <^5V^3 — - v_SVJÏ> QuûüJL^>' QjO ÔjLljuuJI J^J-O 43jJ^jL*JÜUoJ ! c ^JuuOjJI ôJuoJI 

■ v « = L . f 0 ol9/ = f 0 0 Jüji \ Ai£cullxv = 


= 14,4 km!h : ^JaJ 










































R 


cÜlhJI j^>Usuo 3 cujüjüüoJI <u5ûJl5uuoJI cif^AcexJI 


1 ÙU*à 

g= 10 m/s 2 jL>Ü3 oISISjl>\JI Jjo^j 

! ^JjO U^ 5 uO L—*jüIj U_^jO Luül^J jjuSZJ 

. Jjobïu Ouûuo K= 40 N/m c uj\L^ 3 cdxxpjo qjAj£$ oLæüjq <=uLqJ — 
^LJU ^9jJaJU cjuuuo G ôjSjjog m=1009 c uJLî$ S _ 

Al vljujl^I 3 g,K,m cü\Jju ûjI^JI aicÆ ^puLJI <=üL k>( a>3Î _ 1 
gLo-ôJI /xI^joJI ^3jlLjuoJI COJI3J g-^3J0 t I 3^ü LjuuIj S /XjuUpdl £y/j _ 2 

< Oz 

■ la^Lid àAooA AAC cLuAj CLC>JUJ O3JU Z m = 4 cm ^Luuuou 

ci 5 jj^JLI ôjjuouoJI ^jJLbLâJI cJ^lsxxJI ciAbj^JI cL^l^jJI ^jOLc dhloAcU Jc>3l 1 _ 2 

. I^ASLajJo güJÜLjuU^ 

. Z=f(t) qS^pJJ CLuuo^JI qblaoJI 2 _ 2 
^-jjSü QJj\ÿj S-Z53JO <JjO ÔjjO J3I Ôj3jJO S /XjuJpdl ^LCj-juU ül <JjU 3_2 

v, = -Z. 

■ Vm 

CUJuOjJI cJ^UiJoJI jjulSZJ JL>3l . k ^JNJ^UUO V_sv 3 S-Z 53 JO <JjO Ôj3jj0 àAooA u êu[jJ\ ÿX /XjuUpdl JuZIÀjU _ 3 

■ ^puUI S JLlftjl cÜcl^J jb^aû . Oz /xlsixxJI V_sv 3 S téjszi z=f(t) 

2 (Jj>oj 

IgJ ^uuübiüjo ^JLuü QJ03 m = 100g /? Lp-cls-jJj ÔjS ,jjo CÜ3SU0 ( 5 ) clc3joj^uo 

pJLls ( 5 ) ^c3xx^joJI . A clLüJI jjlc ôjÜU /x^JLo JjLuj\JI l^_ 9 >b ^ = 107 ? ^3^3 qJLxxJI <jjulôj 
3&(A) j3>joJU cLljuuuJIj (A) clc3jo^uoJI j$jæS />>c ■ usvüsl (A) ^3 >lo J33* 0^3jJÜ 

. 7 A = 10 _2 £g.m 2 

^Jô^JUI y r ^3 4 jjJu cLC^-juu Ü3JU lûV^pd /xj < 6 jn = 10 ° CU3Ijj jJLüuuuoJI Igjj^ g^Z 53 X) CLC3JOPJ0JI £ujj 

. cdLo^jO ol 5 Üi_>\JI jjÛlSJ . t — 0 
. (A) c(^3jop*joJI q^pd cuJLblâJI cJ^laxxJI Jû>$\ _ 1 
. IgA^pd cujuojJI qJ^l&joJI I3 ^pbJI Lû^j3^3 oSjsA\ àsuAz 3 Aj> _ 2 

R= 2 . 5 cm, g= 9 . 8 m/s 2 : vaJos^ 
IpJuo^S ^Jl> 3 (S) CLC3JOPJ0JU QjSjjfcJI q 3 UaJ| jjuSÙ t CH 0 ^! Jo^I _ 3 

.cu^lqJI 

.(S) ^LC3 j0< < ï:j0 ^ 4 jJLûjJI 0jZ) 3-J I ^l 9 Uo jjlsSLJ t QjOjJI cJ\Jju ^üuuLiujI _ 4 

3 (JJjjoj 

Lî)j3 j zi9 j^j-os L= 0 , 6 m 1^)3133 M= 0 , 25 Kg AB cuuuübïLôo IsLuu jjüsù 
IpSjJo fjjo jjoj Cjub i^svJiSl A j3-^uo J3^> cJLüjJI Jlptjo v_s^ 0 1 ^ 3 jJI LpjlSuoU < G 
. 0 (t) sS3ljJI cdà^d J 5 v_s^ ^ 3 LajuJI j^ziS jSjj 0 /AsloJ . A 

A j 33 ïjoJLI cl^juoJIj JLuJI j3-^s <^ 1^3 

ï 2 

g= 10m/s 2 3 ^ A - 3 ^ 

.C^jujIjAJI ÔJlû^ ol^ÜjL^\JI gjUOp' JjO^j 
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.cuSuj^JI CLjuuljjJI _ I 

^S^üJuoJI v_sv3 0 m Qj^jj JLuJI £ujj 

t=0 cdàjfcJUI J^C cuJju CLC^JUÜ O 3 JÜ /XJ 

v_SV-Û^ Lo .JLuJI PjJL^LûJI cJ^U^joJI >h^2J JL> 3 l _ 1 

^LS2julJo 

g_*jJ 3 ol3 oUjujjJI cJL> v_S^3 cuJLblÀJI cJ^laxxJJ Jj> Jl>3I _ 2 


;r 


< 9 W = — rad 
m 30 


E p =MgL 


.To j 3-0I ^LOuiï V_a_ajUL>'I _ 3 

CU9LkJI cUuüljjJI _ II 

clc 3 xxj^joJU cuJLqjJI g^JI QS Lb ol^jizj cujL> JijJjJI Jji-Osj 
clJLûjJI §*03-11 33lkJ 1 &>jjo Gq [jjo jLxxJI I <-S 3 jLjuüjoJ I jjüsû . 0 ^ 03 l^>JI cJ\Jju 

( 1 -COS 0 ) 


: cUUI cts\lsdU L^jlc ol J^LuuJU ^slb ol qju _ 1 



JijJjJI v_s^3 QjûJLixxJo^ cuS^lSuuoJI c(3UaJU qjJuo^S cLLic| <jijOyj A j3^joJI J30* ^ 3 LuuJI ô£>y> J\Jj> 

.D 23 Di Q-AjOv^àJijLAj^^ , 
.clC3jo^joJU cisLkJI Di Jjucxj :^5J3\JI cJbJI 

vJ Nj: ^ :ju0 JI s5x9 ùjl^jJI §Jo3joj 1 &j 3 >o sLuI «jLuuJU CU3I/JI clCj-juoJI <jul£ — I 
cislbJI cUxjÎJ L^S U35u v-SvjJI v 3 LjüJI &-0I3JO 3I g^3jo ^svjl^uuoJI J\Jj> jJjo <jul£ _ v_j 

E c = 0 , 25 J CL^^I 

G ^,3^a_oJI j^jJO jLjljuo JijJj 3_d> Lo . c^3jo^uoJU ôJuJl^JI cl^SL*J L^LooJI ^IhJI D2 JJuoj ! cLûÜJI cJbJI 

. vl^JI JJLc ^ JLjoJÜ 

>3joJI ^SV^ÏUuoJI V_sx9 j$JÜ LoJul> 0 2 àj£j£LSlJ\ IgJÜOui^ J^LuuJU 0 X <=03 IjJ I CLC^juuJU CU3JJJI CUXjüJI 

4 üjjjoj 

. g = 10/77 / ,S’ 2 JL>b3 o 1^15 Ll>\JI §*joj> Jjcxfj 

dJLoouj 0I3 P c \sS vjOLc £3*03/) /71| = 100g cuJLiS ^U^lo cdaiLi^ ùjjüsl) ($) /)^jujl> cLulo? JIjuJI JJuoj 

cLLo^jo cLL$3 ciJL^üjo olâJ lS 3 R ^^fub O l&jSjjo JulC Cjujj . m 2 — 200 g I_l> 

. oub v_s^ü 3 Ï <-S3-*-juuuo ^jOLc Cjuuuo ^>\JI ^>JI v_sx_juuIj 2^03 v_s^ k — 300 N / tïi c uj\Lz 5 t 

JuZ)l O <jjo jLoJI v_sxü 3^I iiiJI jjjULQj ^sJJ G Lû^j 3 ^i 3 j^>o v_sxxx^Ju vlujj> OJI3J cüb> v_sv3 clC3jo^joJI jl>3j 

. ^0 ,/^j CjuÜ joJsld 
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. \M\ . k$ g $ m 2 $ m l cJ\Jju ^LJU |A/| i>b^ü\JI js>$\ _ 1 

0, 2m v J-ô_juu\JI {S, P } clc^joj^joJI J qsl^u t — 0 qJôj*JUI aic _ 2 

* v 0 = 1, 2 m / S QJj0u3$ JjLjuu\JI V 0 àuJ Ju clc^juu Igjlbelj dJJi >3 

. Quljuj\j cLuJujü ciSjJ> ^jdc 

cÜ^l^oJI JL>3l c {S, P } CLC3j0^joJI 1^1 Le <JJ3 jJJ Û3jLoJI iJ^ju lLüJ 1 _ 2 

. G ciSj^d àulàlsü}\ 
271 

j 3 _JI ^üjlIjuuI < z(0 = z m cos (—t + <p) IpJ \L> oJLblôJI cüaU^joJI J+üj 2 _ 2 

To 


• <P S Z m ^Jl >3 ci^>=JJ ^bJI 

cuiLLII cljuüIjjJI _ 3 

cüjjoJI g*^3JI c0lb3 = 0 ) cuJlaiJI g^JI cislbJ gprjjoS /xlaxxJI J^l jlOO 

•(^=°) 

clJL^LqjJI cJ^LssjoJI gùüuLJuüI 3 ^ 3 joj^oJLI cu5uul5uuoJI cisLbJI jjusu jc> 3 l 1_3 

. v^JuJüjoJI téjsJ 

ÙJJO Ü3\J O clLüjJI qjo { S, P } cLC3jo^ïuoJI j 3>0 Aie V cLCj-juuJI v^^l 2 _ 3 


(P) cLôSJI ^5) jALâj Ol O 3 A Z CH 0 >î^l Z* g-*jJ 3 J ùl <jSuOuo ^ 3 joj*joJI ul QuU 3 _ 3 

T dJL>lllljuul 3 ^ Lo . Z max ■ Z max />J Z { ol loJlb 

. cLûSJI <je: (5* ) /^juul^JI JuZiâJu ô^jAjLüO O clLüJI <jjo cLC 3 jo^joJI ^>joJ loAie LujJ*j _ 4 
Z = 0 3 cLôSJ | qx J-^ûJu ( S ) I Z > 0 3 cLôSJ b UlzilJLo ^sxiLu ( S ) I Z < 0 OI JjlQj 

. V clc^huuJI ^hJLÔJ IcxgJ (P) CLfi^JI 3 ($) /^juuc-dl 

^.SuOsj sSjJI iS^ziæJI £liüj\JI Z max 3 ( 5 ) /^juul^JI cuJJ ol sSjJI iS^ziqJI £lfijj\JI z max 

■ Z max 3 ^max AJ> 3 I . <lâUI ûl 

5 i Wjjoj 

A j 3 ^jcxJU cLljuuüJIj Ùj£*æS pj£- ^ 3 j»JLs 2 jO vaJ jjju^ ><OJ 
^>±JI .L = 0,50 m cU^Jo Stî^L VtSjJLs dJUL-u i_9>ku 7 A =5.10 5 kg.m 2 

dJLuJI ûIj 3 A lSj 3 _>jo O 3 ^j Oi ci Iqq.JI v_s^-9 Cj^-huo I juuJU >\)l 

. v_SV-û3l « 33 IJUJUO V_sv3 ^jüJI AJ> 3 J . QuiJLilLiJuO \j£)jSL JI 3 
. P 0 ^bJI ÔJ 3 A >ul 2 j Jœl 3 ^jüJI ci^jj> ^ju^b aj> 3 I _ 1 

. T 0 = 0,92J ois N dJULuuJI ^sJ cLûb _ 2 

.0^3 Ol ^xà,Io,Q 1 .JI (^5^3 L*_ajü1j ^^sÜ-U lSÂJI dJULuüJI 0 \JI CjulaJ _ 3 

dJJLuüJU O 2 v_sOLô^jüJI ^^.bJI ,jjo Z qsLuuuoJI ^sxJLc ^jüJI J 3 Z 1 S A^> 3 j 

. Z J CLljuUuJIj ^^jiiJI vSLcXjuJ JjO^j 
Z 3 L 3 T 0 pJ\Jaj 7^ ÔJ 3 A biel 3 AjA^JI jjjuI 3 jJI ciSjj> ciaju^b aj> 3 I _ I 

. cÜ3-lo 0 jO LljuUlS_C jljuJ LuU dULuuJ I v^sJ CUJ Lï ol LoJLc 

( ]\ " ' 

Z — — »^svJasü T {) ^juul>I _ 

l 3 J " \ 

y I Z m cLulSX) cLo^S Z Jl>U LoAieP^ ax cUxl 9 gJLu 7^ j 3 aJI ûl quu _ £ 



T' 

max 


(^ÜlIjLjuU I3 ZfT 
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6 L *U*à 

. C= 4.10 5 N.m.rad 1 cuJ cujU vdJLuuJ JjLojo clcLujJ (_s03jJb«JI ^àjLJI 

1 &j 3 >joJ cLljuuuJ L />/C £ qJbïiC JijJj cJ LzjI Bj ^jôü LJ I Ijlû^ jjJu 

J A = 4 . 10 " 6 kg.m£d> ouüül 
a= 30 °cu 3 ljj cüjl^U yjêü LJI ü$Su Oup* ^/dISjJI as£jJ 

. CLuJu CLC^JUU O3JU c LaJüoj3 
. u^tëjJU cü3-^aüJI CU313JI clc^juuJI <Jul£ _ 1 

H .. ■ _u i _ fr'" 1 ■■ c c 

j^>,^ 3 Tvyp j,L (j^il'1 4 jüaijuj\JI Jl>U LoJlLC ^j-uIsjJU gys^JI 49Ü03 <XjSj^z)\ cisLkaJI v_jljuul>I _ 2 

V*'.*’ 1r 0 

T ; iuxxiüi e 4j 3 i_>ji 

7 u-o*-» 

q lo q j ôjLûlcI q^Loj oul^j m = 10 g ^uJLlS (A) LJL^> Loouul> I— 40 cm PJ3J0 l. juuJoS Jol v-SvS Cjuüu 

.cu^Lo 

jjjo jjou OuIj 3 »^-û 3 l A 0 Jjp> £villSjL>l Û3Ju ^^ji-juuuo ks 3 j3-Xj ûl «^juûaaJU <jixxj 

. O clLlqjJI 

j3-^oJ-J CLljuUüJIj Ùj$*æ 3 < ta _5 v -L^ Jl 9 (A) /XjuUC*JI ^lLlSJ ^UljuüüJ L l^JUuiCLfiJI c lLilS ^JjOugJ 

7 a = ml 2 3-ûi A 

Ù3JU cLoJüûj /xj 0 m v_s^-jujI>II Qjj\ 3J S-^>3jo £ujj — 1 

■ c Çu Ju ÔCjuuJ 

C c C 

(A) /xjujl^JI ol ^svJLc / «iJbjjaüJU ^ 9 ^ 1 sdl -1 

. <JLa^ûoJI g_juJ3JI oIS oUjujüJI cJL> v_sv 5 cLh^Pt ^>^ 1 ^ 
■ T ^LOoç 9 ^-a_ajüJ> I3 • jjjuI3-*~II Ijl^J T j3-)JI jj-«lS2J -lû^l - 
■WJI £ ^juüuûJqJ I _ (A) /XjuUC*JI} CLC3jCX^iXxJ I jJU&j — 2 
<\j£yx}\ cisLLJI l^Luuü ^3jcoiixxJLI cuSjJ^JI cisUoJI ùl ^jvlc - I 

.(A) /XjuüL^JU 

. ^-juykaiLJJ 0 <=03IjJI CLC^juüJ^ m, I cJ\Jju cisLbJI ÔJl& jjuSÙ Jo-Cl _ k_j 
■ 93 O3 b Hfl cJ\Jju clc3jcxjhixxJLI cuJIûjJI g0o3JI cislb jjJZj Jl> 3 I _ g 
. kS^jj IjJI c LslJo3 &jo «^juJaiül ci^lj i 0 

.«^juJoüJI UJI3J CÜL> v_Sv 3 (A) <JJ0 jLxxJI v-SN-û 3 \JI i^S^ijuJUoJI g-b^JI C 13 LLJ £S>jJoS 

■ 0m9 93 b rn cJ\Jju ^3 joj^jcxJU co^LoLSL ajoJI os LLJI ^ 

CLCjjuü (A) /XjuüL^JU ,( jJÎJljuUUoJI Ojl^jJI ) v_S^-*JJIjJI c laÛ03 ^Sv 3 ^jçyiaiLlI JuJc> ^ 

.2m/s L^joJôjuo Va 

CI2J03J CUjuoJIj V— JuuuQ.fi. Jl cUc^lqJI <=U3IjJI Jc>3l cisLLJI CU&JJJO _ I 

■ V_S^-AJüljJI 

jucüjl^ &Û03 o^! (A) /xjujl^JU l^3lkd ^_soJI cü9jjJI cLCj^ujJI Lo 

■ jJLa_ajüUoJI 

g=10m/s 2 ! . CU3JJJI clcj^uuJI ôjlû^ ^jcxa3 Va ^lcj^ujJI 03I3 Isl ^juJüjcxJI <iSjs> _ 







































R 


43lbJI >âUslo 5 cujüJüüoJI cIaSûJIS ûuoJI ol££joc«uoJI 

1 ùJ>oj 

mg — KAi = 0 Oz JoüLuAJI P + F =Ô Ojl^JI jac Ai ajasj 1 _ 1 


M = 2,5cm sS^jlc v^Jai Ai = 


mg 

K 


ùil 


«oJLol&JI cüiUûJI AjJcO 1_ 2 

v_sJLc ci9\lsül JsÜLujJ P + F' = IllU dLoUjjJU 4 j_ujLjj\JI <*3\IrJI ,J>Ja .;3 i_sJLJLc ,/olaoA Oz /Jæo jLiü 

Oz 

M' = Ai + z t à]c£*li\ jllc (^à/LII qJLW Æ' ol mg — KAi' — mz 

ssî —Kz = mz oi[ mg - KAi = 0 Ojl^JI jac 
K 

Z H- Z = 0 i_s^o> ci5>sJJ «UJLblàJI <U:>laoJI ol 

m 

..2 2 K 

Z + CÛ 0 z=0 qJilsxJI (WIJ3 CÛ 0 = — 

m 

: IgAaO 3 j_iA> «OjOoJLOujjo ciA_>aJl9 Oi>J 

IY 

m 

<&P«JLI cujuojJI tüil&oJI 2_2 
üî z = Z m cos( O) 0 t + (p) 

cüdsJUI jac 3 û) 0 = 20rad /s $Z m - 4.10~ 2 m 
cos <p = 1 => <p = 0 ol lsI z=Z m Ujù£ t=0 
i_sO LJ I JIjoJ I i çvLc Qjjj&jJ I cj ^ LsjoJ I 
z=4.10~ 2 cos(20t) 

Vi = — J ûî o+v 3_2 
V m 

v = -Z m û ) 0 sin(û) 0 t + ç) z(t) JlsLoiU dUi >3 t ^k»JUI y^à ^c^juJI ijco 
_>oj <*jl Ioj3V 7 = iZ m Û ) 0 qjLC^juuJ cLaJüaoJI «bo^aJI O^Sü «Ojl^j ^£>30 qjo /xjuul=JI j3>o JulC 



Û>0 = J — 


K 


K 


Vj = — Z m J— ol lSI Vy = —Z m J —A: ol t_sl & cLpjsioJI l j-oic «bc^juoJI ,_5Otju0 O^Sb-uuiS 6 jja J3\J 


m 


m 


Vi=0,8m/s sS^ac ^^Joj 

3 

cl^JI 

Vo = -V 1 3 _JJlJI QCj-ujJlç) Z 0 = 0 -L>l/3 3=9 3& /JouaAeJI p iLuüj 

Z = 5 f 2 + 0 ,#f 

2 [jJjJSJ 

(5) «bC3joqtÆJI cuJLsLàiJI 3-blaoJI _ 1 
A j3J«joJI olj3jJÜ cÜjL 9 (S) <bC3jojtoJI 




























R 



LJLJlc ÙjjJSL) /ylsio V_sv3 ( 5 ) CLC^jOJ^joJI ^jOLc Ajj^fül] CLljujLuü\)I <=L9\JLsÜI 

! (5) CLC^jOJ^joJI ^jOLc CÜLlLloJI LS^üJI SjJ> 
. (<S) /^juuc^JI ^sOLc j^joJI >«jb R $ P 

m a (p)+m a (r) = jJ 
m a (r) = o^m a (p) = jJ 

ol i^jjuüj J^LajûJI iJqjo 

M a (p) = -Img.OH 
OH = OG sin 6 

: (S) cLc^o^toJI ,_s\JLc 3S\l&JI JjjjJcüj OG 


.. ... ^ ^ ... „ ... „ s 777; mOG,+mOG 2 

j ô_pJI jQj &3 jSjjb (72 3 v^LjuuuI jQj &3 jSjjs Ctj Ol CJCj — 

2m 


OG 2 = 1 \Ri 3 OGj =5Ri ol tsl. À gx> cüüUsüjo (9 

OG = 8 R ois ^sJUbs ÔG-^^-ï = 8 /?f 

Ji A [p) = -2mg.OG sin 6 => M A ( P ) = -1 6mgR sin 6 

16 mgR . 


16 mgR sin 6 + J A 0 = 0 => 6 + - 


J * 


-sin# = 0 : ^sJLI^ 


ë+ ]6mgR Û = 0 oî gs\ sin0~0 ois 0 m = 10 ° oî Lu 

J A 

JijJjJI oli> cJ^I^joJI IgJ J^lûj cuJLbLâJI <=U^>LszjoJI clc^jo^sjoJI ci^> àsuA^ 


■ »(0=®. 


cos 


2;r 

T 

V Y o 


t -h (p 


^JUI 


^0 = 2*. 


/ 


A 


16mg/? 


= 1a ! vjnJUI JijuuJI ^jOLc ^bJI Lû^j3^ 


(iS) cLC3jo^ïjoJ I J ctuuo^jJI cJ^LsijoJI _ 2 


G — 10° — —— rad oî Cjus*j G(t)-G w c os 

YYl X 8 - V / YYl 


2 n 

T 

V i o 


t -\- (p 


#( 0 ) = # m = # m cos (p => cos #> = 1 => = 0 


IüjJ f = 0 cüa^l JulC 


71 

0(t) = — cos( 2 ;zt) 

t ^AjJI ïJJjü ü^amaJU QjSjsJ] 4SlbJI _ 5 

E c =py => £ c = G a <<lX J sin J (2z) 

cL/3^9 Ec ^slIûJI o^i» 


Page 2 



























R 


-1 < sin (2 m) < 1 => sin 2 { 2 m) < 1 
\jétô e m sin 2 ( 2 m) < ^J A û) 0 2 6 m 2 

E c ^\ J ^ 2 0 m 2 


1 


E c = —J A CO 0 6 m \ v_sv^ àu£yx}\ qslkJÜ cü^^lqJI CLOuJîJI üS| 

Ecmax“6.10 J . l c 


\ S ÔjJUJI I ^3Lb j^su qüuüuuj j — 6 

jjoJ sSjJI Ojl^JI Lcx^ 3 Quu cu^^liooJI cislbJI .blâjûl cdxxgjo olSl£û>\JI ûl Lou 


jjJsù$E Cmdû t = @rn LSuuoJI qjâlhJI ûl lSÏ cLC^juüJI Lrb Ü3SU3 ^3 joj*joJI <*juo 

cislbJI ûl lSI t <Üôj*JUI v_sv3 v_sOlï g^ 3 jo 3 . E m — — J A Û) ( ^0 } 2 ûl lSI cLoA52juo g^JI cislb ûl 


J. 

2 


E m =- J A O) 0 e m sin (û>oO + £ p 



B 


|y A ^ m 2 sin 2 (« 0 o+ J E p =|/ A ® 0 2 ^ 2 ^LyiJàl^l 

£ P =|- / A^o 2 ^ 2 ( 1 -sin 2 (fy o 0 ) 

E p = Æ'cmax COS 2 (2/Tf) 

3 <jj jjoj 

cuSuj^üJI cUujIjJJI _ I 

^-hlsoJI — 1 
R 3 P JLjJI ^jOLc cüLlBuJI «33ÜJI 
. v_9^_ *julJ t ç \JLc dLjj^JU c l^jujLjuj\JI àsUsdl t q *. lo j 

M A (P) + M A (R) = J A ë 
-MgEin 6 = J A d 

6 + MâLl sin ^ = 0 
2 J A 

v3LjüJI téjszS oS| cuBl> oljuuuJ sJL^LâJI LszjoJI JijJ j 

cLujuJü 

Û3jls g_jou 3 oIS oUjuJü cJL> v_sv9 <=lJooLôjJI cLblaxxJI _ 2 

objujJI cJb> v_s^9 objuJJI S-ajj 3 j uJ^JI ^ 3 ^ \J ) CxSl 3 jJI 

( j+SLÆ g_juJ 3 ois 

^r 

sin 0 « 6 ûl 0 m = — rad jjs^> g -^3 ois oUJujü cJL> ,^3 
! v_S^JL aJI JfLoJI ^sJLc Qul^>\süJ\ cJ^IsjoJI ^UuuOj3 


3 g 


1 


MgL 


0 H-0 = 0 St svj^ clJL^LôjJI cJ^Ls^joJIs üSJ / a — —ML ol Loj 0H-0 = 0 


2L 


2/ a 
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: jJI qjouS ^Luul> _ 3 

Cbjupr CLujuJü qSjS> ^jjüI 3 -JI <téjS> ûls jjSZjÆ g_juJ 3 ol5 obJüjüJI cJl> V_sv3 cuJL^LâJI cJ^UixxJI 

[2L 

T 0 = 1,26s : /— <^bdl 1 ^ 3 ^ 

V 

cuàüaJI «LujIjjJI . II 
o +-3 -1 

cuJLaiJI g^>3-)l ciSlIaJ cUs^^oJI cJbJI K~j^ujj>E p = MgZ + C : v_sv^ cuJUxll S^3-ll <islb ûl /xlsj 

cLûL^r JIjuJI ^j»-juljc >3 

ol Ojul^j E p = Mgz v_s^JtjJI JIjuüJI i^jOLc ^-julS u g^JI CL 9 U 03 C = 0 o5j z — 0 ^jljuojJU E p — 0 

z = — (l-cos 0 ) 
2 

MgL(\-cos 0) 

E p = --- ^>3 

î _ 2 

9 E m = E, = 0,5J 3 e = o Jl^l g^3jo <jjo ijLuuJI j3jjo JulC : ^_5\J3\JI cJbdl 


E p =0 


-j j 2 =0,5^0 = \EEËl 

2 A m ,n J j 


= 5,77 rad / s 


ol lsI E c = 0,25J Û 3 S 3 LoJult: ^LuuJI _ v 


;r 


# = ±—rad JijjJI v^juul^9 E m = E p + E c E p -E m -E c - 0,5 - 0,25 = 0,25/ 

: cujüJI cJbJI 

. A j 3 j*joJI J 3 ^ j 3 _louj ^LjuJI ol lsI t cois Lo^jo E m > E => E c ^0 o$5j IoJulc 

6 CU3IJJI clc^juüJU CU3JJJI cUkxiü^ cl,3^lqJI cLouJjJI • 
Û 3 S 3 OjuO E Cmax v IgJ E c cuS^pJI CL9LLJI Û35u IoJulC cü3^i9 ^ 03 l^>JI cLC^juüJI 0353 

ôJ lûü v_s ^3 E pmi n =0 sSl # = 0 0353 LoJû-C CU 3 JAJI g^JI cislb ûl ûLuoJI ^_j^ul >3 cü 3 j 5 g-^JI cislb 


_ 1 2 * 

max ^ ^À^ max ^max 


1 


2£ 

I m 


i. 


üJbJI 


A 

1-2 ,„2 


E m =l,5J : ^ J£-îJI s—^ E m 0 I 3 J a =-ML z = 3AQ- z kg.m z L»jJ 


6L 


2 £„ 


/* 


: 1 0,8 rad / 5 


ôju 3 > v„s ^93 ^>3 ./a 9 g^o^JI «isllo 03^3 ^ Cmin «iÜllaJI Cjÿii LoJulC ^3^ ^Ç> 3 l_>JI ^LC_>julJI CiÿSLi 


■7 a 6> = E,„ - E „ => û ,„ - 


m p max min 



üJbJI 

=> E r — E — 

£ 

C mm m 

pmax 

\i(e -e ) 

OÎ uSÎ 

1 \ m p max / 
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9 — 


2(E -E 

\ m p max 


: LjjJ oLuuoJI 


= 4,08 radis : E pmàx = 1,5/ 3 E m =l,75J 


4 vj jjj>j 

2^3 JulC 3_d) qj^b ûl P cLfi^JI Jl>3j3 <jjJ3aSuo ^3 JÜojO \J 03^ LoJulC ^uLJI ül jjüSÙ 

J-Z)l ÙjjJSL) CÎjuL> jÜ^-juUUoJI ÜJI3JI S-^ 3 j 0 g^ 3 joJI I_Slû> JJÜSZJ$ 1 1 ^^uUI Ü 3 _b £Uu£U CLfiSJI «333 (5) 



Z* 



z' 


. ^_j\JLc.\JI £>j 3j>9jO 1 0,k j v_SvjjjI_>JI 

cl&ojojqoJI lsJLc cLajJajoJI v5oJül UilojJI JUC — 1 

G _jSjjoJI v_s\S ùjl^jJI Jo^Huij (JjjJaj F $P 
Oz j^^oJI tjJLc «ÜAlfiJI ôjui JaiLjujÜ 3 /* + /' = 0 

P-kG^ = 6 

-(m, + m 2 )g + A: |à^| = 0 

y = (W)g 

1 1 /s: 

|A/| = lc/w 

: aS_p*JU cuJLolàjJI qJ^UioJI 1_ 2 
.^jvlc dJLjoLljU CLa_jujIjuj\J| °S \li*J I , QjJûJ 

F +P = (m 1 +m 2 )a 


-kG 0 G + P = (m y +m 2 )a=> -k[G 0 G eq + G eq G j + P = (m l + m 2 )a 
-kG 0 G eq - kG eq G + P = (m l +m 2 )â 

P — kG 0 G eq —0 IüjJ v^jLuJI 

-kG eq G = (m l +m 2 )â ol sSl 
—kz — (m 1 +m 2 )z '■ Oz j.sdc ëb^süjoJI cisUsJI ojuï> JaiLuuü 
k 

z h- z = 0 : v_s^d> a^^jojtoJI cuJLslàjJI <U:>laoJI oi| 

m l +m 2 

T 0 = 2zrJ (m, + m2 ï : ^AJ ^bJI jS jJI 

! T 0 V_jLulO- 

T 0 =0,2s 

: AcojojttflJI ijJ <Ujuo Jl qJ^l&oJI 2—2 
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R 


A 


v_sv-û> CLQjLuuJI cui-^LûjJI CLbl^oJU Jj> v_sv^ sA-lb l^jJ^laoÆ CLujuJü oSjS> G <téjS> 

t=0 cÜoj*JUI JJlC j^JoJI JuJl >ü 

z( 0) = Z m cos (p =^> 0,2 = Z m cos 

t=0 CÜÔ^JUI JulC CLCj^juJÜ ^CljuULâJ U 
27 T 

z(t) = -Z m —sin(û) 0 t + <p) 
f = 0 <=> z(0) = -Z m —sin <p 


2 n . 


z(0) = -1,2 = —Z m —sin (p oi|z(0)<0 ol oUaaoJ 




! 0,2 = Z m cos (p 
11,2 = Z m 10;rsin (p 


! ^juuLmUJ ^jJO 

02 

1,2 


10^-Z. 


: COS Ç 

■- sin (p 


cos ç = => ^> = 10° = — rad J «UjuulJIj 3 Z = 0,203 m 

0,203 18 m 

z(t) = 0,2cos(10;rï + —) 
18 

: qjJUJI fe^oJI o 3 UoJ ALgjoJ , U?l jLsü - 3 

^o^>^>joJI cJL^JI cül Loj £ /? (0 = (m 1 +m 2 )gz(0 + C üi>j ^jOLc^l 3^j <^>3^ Oz jLc>l 

C = 0 0I9 Z = 0 Cjul> l33-^CajüjoJ 1 **_s\3 Ld>jLuL2>l 

1 2 

uûiUI cJLbJ a Cju^> E p = —ka +Cte oJI &259JI cislb 

0 = —kAl 2 + Cte => Cte = — kAt 2 oi>( z=0 o+æ>jjo cJb*S jL>ü 3 a = \ Al\ — z ûÎ 
£„(/) =-fe 2 -*|Adz ^sJLc J^i qSUaJI 0ÂÔ >ciü Jù£ £ (0 = —à:(|à^| —z) 2 ——kM 2 

p 2 ”22 

; St s\j^ cLC 3 jo^joJU ^L9ÜcJI oSj 

EJt) = E p (t) + E c (t) 

. ^3 jo^joJU cislbJI E c (t) 3 ^3 X)j*joJU ^ulSJI 03 Lb E p (t ) 

^»(0 = “fe 2 -^lA^lz + Cwij + wï 2 )gz + -^(ifï 1 +/ra 2 )z 2 

—(m 1 +m 2 )g + k |A/| = 0 üjl$JI julc cul ^oJLsaj 

1,1 

E m (t) = -kz +-(m 1 +m 2 )z oi| 
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qslloJI Iblibül dlL& ûi>| ûllSLc>l O 3 JJ /yJJ ûl joAsli ciSj^JU cuJLbliüJI cLblsaxxJI 

à .< . il< . r\ l | 

dE(t) 


dt 

z = — 

Z + ' 


= 0 => (m l +m 2 )z + kz = 0 
k 


(m 1 +m 2 ) 
k 


z = 0 


(m l +m 2 ) 

. ÔjJD J^jl O Ob-QjJI i jJO CLCQjOwSjqJ I [fj jJOüüuJ inSVjJI V ^LC>juüJI 2 » 3 

Z=0 3 Z= m v 3 - JuUL ^l lSS §*Z> 3 joJI <jjo /x-juuc%JI JLfljul Jj-C ^LxSLuISLuoJI 331LJI Jolâ^ûl Ijuuo 

hz„, 2 +0 = ±(m,+m 1 )V 1 +0 


V=l,2m/s sS^jlc ^^Joj V - 


kZ 


m 1 + m 2 


Cil v_SvJl2j 


: 3àSJI ül Z|>Z <^jXiSjJ ùl 1 j5uojo ^C^jojs^oJI ùl ( jjjJ 

P + R = (m l + m 2 )a cLàSJI ,_s\JLc S /joumaJI ,_s\JLc v_sO LUI i_sOlîJI Oçp LûJ I 

^süLuJI «LujIjjJI —(m 1 +m 2 )g + R — (m 1 + m 2 )z Oz <_sdc ci9\IrJI LüLujI 

k 




m l +m 2 


—(m 1 +m 2 )g + R = ~(m l +m 2 ) 
R = (m ï +m 2 )g-kz 


i_s^9Z 

k 


m l +m 2 


Zj <--- - — üî >_svjA; là. à) R > 0 O^Su ùî >_oïj ciàSJI /Xjuül^JI j^Làj\) <_sv5ü 

k 

(jYl -|- jfi ^ 

Z: < Z Z; < 1 C/// O <w> Ju JÜ àSjJ> ^3 /X^uJL^JI ^JvJLu <^_SxSJ Z m = ----- g-*zQJ 

k 

v_sOLJI cjJ%JI c tJl û^>lajÜLJuu Lo Ijl&3 3^ Lo ,j^9I3j ûl cUjJôjJI LuLajuIj^ ûl <juuü Lcxjo 

Zmax 3 Z max — 4 

. JLiiû\JI As ^3 JL^lôJ\)I LSLooJI qjâlhJI ^lâiûl J^lIcû 

1 

E m — my “h 0 ! JL^\JI ! ^o^juuc^ïJU cLa-juuuJIj 
2 

K =0 + migz max : JUàAJI ^ 

2 g 

CLÔSJI 3 \jÆü UJU CLiljuUlJIj 


z max =7,2crn sS^jlc E m =E' m 


• 7 = - 

max 


E m — —m 2 y 2 +0 + 0 ! JLziâj\JI JjlS ô_^-juüLajo 
2 
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K = 2 kZ ™* +m 28 Z ™x JUàAJI ^ 
E m =K => Z m J + 2m 2 gZ max -m 2 V 2 = 0 
Z m 2 +4 Z m —0,29 = 0 <LùLdl ^ cü:>bào 

Zmax = 0,07fW IolSÜSzJ 

5 

: v&jsi Jl àsuAz — 1 

dJULuüJI ôJuuuc^j J^> ûIj 3^ cj le. AjjS>üH ^-^Lajü^II C(3\bdl 

! dJJLuuJI ^sOLc cLaJcuJI « 33 ÜJI ïy> 
. dJLuJI qjo ^aJcuJI v-sJUI cl> 3 ^Jjo t \j£>jSl Jl ^sOLc dJJLuuJI j-JbP t u^jSl Jl OJ 3 P 
M c =J A 0^-C0 = J A 0 ùî tsî Jt A (j?) = 0 s Ji A (p) = 0 Lu J M a (p) + M a (r) + M c =J a 0 

c 

q^suj^b usJLJ^ v_sv^pr L^JL> O-\ - 6 = 0 : LJI <bJLblâJI <=ü^>L szjoJI ^jOLc v-sJLJ^ 

J A 

. àuuuJ> Quj\j$$ ^jüJI 

T 0 = : ** 

! Tq = 0,92 S J cIjljuuuJIj v-Sv-UI CLüb vbuu-> _ 2 

T Att 2 T 

T 2 = \7l 2 -±^C = -^ = 0,233.10" 2 N.m.rad~ l 

0 C T 2 

: jujl^JI o£y> àsuAz _ 3 

; jujqJI 1 jjuI3jJI ^sJLc dJjjj^jJU clljujLuj^I cis\lsül ^-Jcû 
: JuJj%JI U jul3JI ^sJLc cLaJcuJI l 53 üJI 

^>jo cUiJajoJI v_sJUI cl>3^Jjo j ^jüJI ^svJLc dJJLuuJI j-JbP t ^jüJI Oj3 P 
. ( 2 ) dJJLuuJI yJ&jio <jjo cüLJajoJI v_sJJI cL>3^Jj03 ( 1 ) dJULuoJI ^Sjio 

3 Ji A ^ P j — 0 oI I_ 0 J 3 ^ P j + *4C A ^ P j + + c^Hç. = y A P 

Ji cl + Ji C2 = / A P ob *4i A (p) = 0 

■ ^C 2 = ~C 2 .0 3 Ji cl = —C { 0 üî CjuJ>l) 

juüJI J 3 J O &Q b-juaSLc ^jljuüLuU C| ül Lu jJ obJaS 2 X)JI ^jljuJO 


O, 



ol sSl C 2 =— s C, =-^- ol sSl , 
z L-z 




/ 


-/r 


1 1 

-+— 

L-z zj 


C — — ! ■ ) 3 loll LuujlSLc v-jjuüLju i^JU-xS L cJ^Jo tSjJI dULuüJLI v_sJJI cLulï 
6 - J A Q oJ^laoJI C 2 3 C, ^3*6 -C X Q-C 2 G = JJ) => -(C x +C 2 )^ = J A e 


vs\ K = C.L : dUi5 Lu J 


-C.L 

0 + 


f 1 O 

+— 


L-z z 
L 2 .C 


0 = J A 0 


z{L-z) 


C = J A 0 


z(L-z).J l 


0 = 0 


• Tq j3- jJI — v 
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z — — cJL> T n v^Luuo 

3 0 ' 


t' — 

-L c\ 


T n \L(2L^ 


L V 3 


J J 


=—V2 =0 ,435 
3 


Z = Z max J «UjuaJU Aj9^i9 clooS Jd-Li 7^ ül ù_ujJ _ £ 
! r o J ,_sJ 3 \JI c Lcl>-jJjuoJ I ^jojuJCO 

Z— — J ^jljuuuJIj eu àjzu3 _L>b Tl ûls ^_sJUIj3 -— =- ° \ =L=- = 0 => L — 2 Z = 0 

2 * ÏL^ÏL^z) 

T„' m = y = 0.46s ùjSî «JUJI cia ^ 

6 ijJ JJDJ 

: ^ISjJU ëU^zifiJI CU3IjJI clc^ajuJI _ 1 

1 2 

j\jj>û E p — — C0 + Ctc v_ 5 vj 3 ^>JL^iJI ^LJU cUljuüuJIj ^_svJU &Z 53 JI ël9Lb 
2 

{LJ 03 JO JulC é ô^jJjuo j+£. ^jôü LJI L ^j3 O^SLi v_suJI ëUbJI ëU^>>o ëJbtS 
3 Cte = 0 ûl LSI E^ = 0 ô 3 _jjjuo jjlC ^yi/LJI 03 ^ 6 — 0 üjl^l 




e v =-ce 2 
p 2 


IblâjOl dlLû> U jüI3JI JulC eul IjoS . Qjj\$j Ùj$jJ0 JAC CLCjuuu -X>b ûl /Jjl; 

cü\ki\E m (0)= E p (0) + E c (0) ol E m (0 ) = E m ( équilibré ) : J\ cu^&uoJI «slkJI 

7 2 

Ol v_sU^ 2 j E p (0 ) — — C0 m 3 E c (0 ) — 0 cLuJu cLCj-juu Ü 3 JU £j\ücûl JAC eU^^I^LuoJI 

T/ 


( 1 )E. = jet ?, 2 


1 2 ‘ 1 2 

(2) E m - —J A 0 mux ol usosj E c = ~JaO max 3 e P =° S-°>° o-° ù j 3 ^ -œ 




max 


0 ., 



g ü LUOjuu ( 2)3 ( 1 ) Quûi3\l»S2J I O^ 


= l,66rad / s : sS^ac ^Jcü 

^ 13 ^ ëuS^pJI q3ÜaJl3 g^JI ëislb ^Ljul^ _ 2 
ëdôj*JUI v_s^ g^3j03 Ojl3jJI g^3jo <jjo ôj3jjo JuoC \ljuo ,jjlSlJo3jo ,juu ëU^^lSuuoJI ëisLbJI IblâjOl ^jlLu 
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\j AJ =\ce‘ + E c (t). 


E c (o=-ce m 2 - 


ce. 

8 


E c (t) = 


3 ce,., 


8 



1 CG z 

E = — CO 2 => E = ——— : cislb v^Luuo 

P 2 p 8 ^ 


E p =0,014.10~ 4 J 3 E c = 0,042.K) -4 J 

7 

^ âTj ( F t ) = J Jd \ AjOuuuoJI vjvJLc QjuujLujill (JjJsü . I — 1 

: A ^jOLc cüiJajoJI l_S 3 _qJI 

A /XjuUL^JI ÛJ 3 P 

V _ juuZHl Jl jjsj T 

. v-jkj^aaJI l _sJLc R 

>bb hd> oî [jzj 3 éx: A (P)+g/zj r)+ g/zjT )=j A ë 

Lo^jo_>c Cil9 A lak>laij R 63 ÜJI 3 T 03 - 2 JI 

é% A ( P) = J JB ol lSÎ . />_X2JuO 
Col d = lsinG ol 9l A (P) = —mgd 

-mgisind = J A d 
A/xjujoJI à$>'ÿxS AJL^UlJI AblaoJI £clcl«jijü 3 

lîlgft 

g_juJ 3 JI ois objujuJI àj\s> v_s^3 6 H- sinG — 0 


g_juu3J \J ^bJI j3 jJI cJbJI ô Jaî> v_svS 

sin G « 0 : oUjujJI 
! v»_s^JLjJI JijoJI <- _5 \JLc qJL^IiüJI ^Uü^u3 


g + ^ 4 g=o 

ml 2 


G+-G =0 


cujJb A ol cOJL^LâJI cU^U^oJI qjq jjuui^j 

. AjuuJ> 

[7 

T 0 = 0, 4^ = 1, 26s : T _)3jJI i_»Lujl> 7 0 = 2^r I — : 1 _>jijI3jJI lApJ r o j3-iJI jju>sj — >-> 

\ g 

: y. aOqüJÜ AfSpdl ^slkJI sS3LuüJ A£3jojtoJU Jl «islIaJI ol ,_s\JLc olâ>_>JI I _ 2 

E c = E c ( tige )+ E c ( A) + E c ( terre ) 

E c =\j'j 2 +3jj’+0 

qJjS û\J cJbJI ôJlû> ^_s3 /)A52ju 0 ÔJ3-Z13 />J^9 ûSj /Xjuül^JI cdLSJ cLljuulJIj cdLcx^jo yuO^oJI àjj£ ûl /ylsû 
E c = E C (A ) : clc 3 jo^joJU <iuSjsd\ cislbJI oS| A/xjuloJI ôjS^jo ^ 3 joj*joJI 

























R 


E c = — J A 0 2 => E c = — mi 2 6 2 \ ^^jck^oJU cuS^pJI c^LkJI >ulS2j _ v 
2 2 

: 4££jocuoJU cuJUJI 49Lb _ £ 

ùl lSÎ 1 jJLc\JI Oz jLàJ 2? = mgz + cte : ci_JL üjJI g^o^JI ci9Üo <Jujszj o^ujo 


z = 0 => E „ =0 => cte = 0 


r 


cJbJI ôjüî> >_svS 3 C 0 S# = 2-ül9 j+àr) g-uJ^JI oli oUjüjùJI 4Jb* ^3 E = mgl(l —cos 0) 

2 

\ v_sJUI JijJjJI ^jvlc g^JI cislb Ü^Su 

e 2 

E p = mgl— 

\ ^^xxj^joJU cislhJI _ ^ 

E m =E c +E p 

v__svJLjJI JfLcûJI <- _$\JLc '< t jüSj ^juuojJI I^-J^IsjO ois Qju cLuJuJû ôSj^* 2 > Jl*z2j Lui Lou 

6 = 6,„ cos 


^2;r ^ 

—t + ô 
T 

K 2 o j 


2k 

0 = -» sin 


2;r 


T 

V 


t -\- (j) 


cuS^lSLuoJI ciSlIaJU qJ^l&oJI v_svS yjâ$sù 


E w - — ml 2 Ô 2 + — mglO 1 
m 2 2 


/ 


= — ml 2 

2 


^2^ 

2 

# m 2 sin 2 

f 2it 

+ 

\mgld 2 cos 2 

f 27T 
— t + $ 

Jo> 


T 

\ 1 o J 


2 

T 

ro y 


2 S 

û) n = — Ljû-c coJL^IàJI cU^IsjoJI 

0 J 


1 


,2 8 Q 2 . 


E m =—ml —6 m sin 

171 ^ / 7 Î 


^ 2 # ^ 

1 9 9 

f 171 2) 


+ -rngld m cos 

~77T t + < t ) 

T 

\ 2 o J 

2 

T 

v y 


f 


= —mld 2 
2 

1 


1,271 


sin (— t+ (/)) + cos 


v 


2 k 

— t + ô 

T 

V 2 o 


J J 


E -—mW 2 

m g m 


E m = Cte û\J l^bü cO^l^uu^ cislkJI Iblâ^ol vilLft ùl guJOuuü 

4 , 13 1jJ I Pjl 3 ùÿSj l$sJ I £* 03 JI 3 >ftjuu u u oJ I gdiiogJ I jjj cu5, i pJ I 43 LbJ I ^Àâ jjuo _ 1 _ 3 

0 C m CÜ3-AS 
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- —mv A 2 = -mgl (/ - cos a m ) 
2 

mv A 2 = 2mgl - 2mgl cos a m 


cos a,„ = I - 


2gl 


K 

a m =~ ^ J 


j+t- ojj\$j ssJ\ v-ajuaaJI J -oj h jxjjj&JJ Lû^Lb-cj ucu iSnjJI ^u^jJÜI 4 c>mjJI — I 

! jJLùuUUo J I 

V A = 2-Jgl ol v_s^-«-S2j COS 1 6lf /n = —1 ol v-Sl = 71 \ j-QjüuuuoJI _^_C Ojl^jJI ^*03 


v' = 4m / S sS^JlC ^JoJ 

LSjJb jLuuuo 6jS Jl jLuuuo lSI A j3^*joJI QuJ àS>y> cJbJI ô_Ld> v_sv5 ü$Sj*juu I ci^> _ v_-> 

. A j3^joJ I IgJuo ^>joj v_s^J I ^lLlqjJ I ôjSjjO 
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«UdUaJI >âUaLoJI 

ù $3 JÂjüü — I 

( jjSSj ) ÔJJÜ 633 JÂjuü — 1 

: cuJUI qs\isdlj B cdaüJ ^jJJ A yjA l&j-Jb cdaüj JLoJul JulC F cLub 6$3 JiLjJj <>C >!^ 
W (F) = F.ÂF = F.AF.cosa 

A->B V / 


AF 3 F <juu <=U3IjJ I oc ol wijuc 
(iTl) jjüoJb L^jlC >î ^3 JLalj\Jb ^svjo^juuü 5 qJoüJI ^ A ciJaiiJI ,jjj ciJLdIôJI cisLuuuoJI AF 

(iV) v ô3_qJI ôJuuj F 

(/) J3>Jb <\X£. jjSù$ F 03ÜJI JiLjJj W (F) 

Jjj bJ I cUo-Qj <JT>Jo QjO 0 -iûuoJ I jLuUUoJb ^üub 03^ ^^JLszju \J * 

4jj ü jjlC ôjiü ,pJ I JâjüjJ I — 2 

. F A o-° Jjjjüu Lûijjüb c ÜaüJ3 cLub F 039 jjÛLSj 
F jbûLcb gjOouuü >âzJI <^sv 3 cL^liûuo <%? CLujJ> oljLuuuo ^jJJ jLuüjoJI cjjO ^Lûb j+£. JiOuu vbuuc^J 

. IgJuO CLûb 

ÔW(F) = FM : si v_svj jJ^JI JLaju\JI J\L> F 03ÜJU v_s\Jjj*JI J-âjujJI j+jSü 

\ QuJjS%)\ JlâjJü^JI £3^0 CZLO 3Ü F ÔjulSjÜoJ I Ô3ÜJJ v_SvJLSÜ I J^jJjJI 

\j£u ü v3^b (jjo cüubjpJI ô^aJI Jàjûj — 3 

. ^_sv-Q -9 I « 33 ji-juuuo ^sOLc i^.svüSl §*03 <^ 3^3 < cÜjo^jo k c Uj\Lz) c^Lzüjo jj-C ol&J li> F Lajb jjÛLSZj 

. Cjub JjûbfcJ QuSjJo _\J>I CjuuU 

c F' 033 M Jl ^ 9 >Jo JulC ^^ubJI ^sOLc 

jlAüjoJb M cJcLaJI Jjjjüü OjuL 2 ïIJ u^uLJI JlkuS 

. OM = xi 

cLuJuJI cJbdl v _ 5 n 3 M g^ 3 jo O cLkiiLJI Jjlxxj 

. ^yiuLJJ 

oljuuLJI 03 -jl 3 1 ^jj 3 r*-*J ôJbJI C> 3 -j lûJ I V-j-julL^ 

wJ^Lc F Ô33 ^3-Joj ^Ul ûl 3 t cJ^bûuoJI 
sSl F = -kxi ol F = -F' ^IjüJ 033 ^^3 
oi>| x J3^a3\Jb ^3!^ F" ol sSl F' = kxi ol 

. cLûb jjl£ v_Sv-g -3 

F ^jJj A <JJ0 ^ubJI Jjiiju IjoJû-C F' Ô3ÜJI JiOJj j+jSÜ 

wJf’) ==E' =z>' 

: £3^0^^^! I Jlûü Jü-Xj^jJ < juJ-ûj^>_b JbxaOuul 

: cljLuüoJI àjiujJû Jl . I 

cuiai»' cüb Lpjl lSI F = kx . u^uLJI cJLbJ v_sv-û>3 X J 3 -^i 3 \JI cJ\Jjj F ol^jifcj JjuoJ ^boJôj V_sv 3 

. CLoJôjJI JuZjI jJjO ^>joJ 

JIjuüJI v_S ^9 (Jjj-uoJI ^3-Ju>j\)b v_^J><iJI J-JojOuUUoJI «^LuUUO SW (F j = k.x.ôx v_sA><*JI J^^jJI < 3 ^ 1 ^ 

. clûL> 












R 



X B B ^jJI X A A qjo M cdaüJI JlàJul Jul£ 

ob>Luuuo cuiSl^j F' ô3_aJU v_svJLSÜI Ji^JüJI ûl 9 

^ 9 jJ^üjuoJI cLiljuj cL>Luüjo LS3LUUU3 o\UajüuuuoJI 

CDEF 


W ( F ) — &CDEF ~ QOEH Q 

A—>B v 7 


VCD 


W (F') = -kx 2 B --kx 
' 2 2 ' 


A->fi 


QjJLJbtjJI ôJüjJûJI _ v 

J* JjoUJU ^ £3 jcxj*joJI clqjLuuJI ci 3 \lsdl v_svS ^35^ 

^sOLc Juzi^s dx v_svJLoL ôjJI jIjlàjoJI v Si v_su><*JI JLüd\J3 

: cuJUI q3\UJI 


A^B ' 


[ B kxdx — 

1 

?r 

K) 

_1 

Jx A 

L 2 J 


W (F') = -kxl--kx 

*-« v / 2 2 ‘ 


A->£ 


g^3jo ^jJJ A g^3jo ,jjo Jüiju c Üs^ ^uLJ _pdl < 2 *>bJI vjvic v>^ <- 9 >b ch 0 ^baJcuJI 033 JjLaJu >hlSj 

. W [P'} = ^kx\ -\dix\ : 3^ x B 3 x A v^sJ^I usAc 5 

W ^Fj = — loc A ——kxl : 3^ ^ 9 >b ,jjo c^lJcuJI ^Ijüj\JI 033 JiijJj 0I9 F = —F' oî I0U9 

. /^juul^JI j 3 -^i 3 jS>oJ v_svjL^jJI g-^3joJl3 v_svjJüJI g*o3xxJb F ^Ijüj\JI 033 J sljJJ ^Is&j 

cüjjoJI gL-^^JI L9lb - II 

g^JI ci 3 lb ^jvjOouuü <^d>3jJjü cJb*u bujjj ci 3 lb OjJj*u OjJj*u cul 3 \Jlbjo 3I lb3àzijo ^yiuUI 03^ LoJulC 

. CÜjjoJI 

L^J3jZi 3I A ctküjJI <jjo Jüjuu ôjjüb cdaiij J^sJ ^^ubJU jS*J\ »^ 3 jJaJI ^jOLc F 033 ^3-Jcu Lo_Xj-C 

cül 3 t cJb> v_svS dJJ_x 5 Jl>3j CjuO> X b 1 ^ 3^131 B <A^xàjJ\ ^_s\JI C^SLjuu cJb> v_sv 9 X A 

! LujJ ci 3 LbJI c ULd> >- )-|uo 

1 

2 


— mvl - — mv 2 . = W (f)+ W (f') = 0 => W (f) = -W (P') 

a ^ A A^R\ 7 4^rV 7 4^/?V 7 7 


W (F) = -fcc^--fcc; 

*-« v / 2 2 


A ^5 


ciiàlbJI JISLjujI <jjo Jijuu l^Luoj ^yiuljJI v^3jJo ^sOLc v- 3 >b <jjo ^-JûxxJI JüjujJI ûI lSÎ 

. cu>0 g^3 c (3 Lb v_s^3 { ^yiuLJI t } ^C3 joj^uoJU 

f,(f) = £ f .(A)-£„(B) ùlsiü 
v_suJI ci 3 LbJ I usv-âi v_svüS I S-^3 St 5 ^ { b — />oujl> } qjo CÜ3SL0 clc3joj^uoJ àjjjy] \ I ci 3 Lb ^ 3 jsù 

. F^ e = ~^kx 2 + C ! 3& (^^-^^3 co^jjjj qjo ^3joj^joJI ôJlû^ Qjjjjzü 

. cUjjoJI g-^3JI ci 3 lbJ cu^>jjoJI cJbJI qjo l 3 \Lbjl ^Jc^i cuûb C 

















(C = 0 ) Cjuû> X = 0 J^zi 9 \JJ ^l^oJI g^D^oJI v_sv 3 ^joJlS^juo Qjjjxïï g^JI cislb jlcâü cLolc 
3 . J3-^JI v_sv^ oIjl> 3 JÜ v_svjoJUdl />UàJI v_svS lpJJc>3 = —kx 2 \ 3_& cüjjoJI g-b3-ll <33lb Ù3SL^ 


. clû\Lz) k 3 ^LII cJLb| x 


&*&£ ÜVâ { giSüÜ c VoJLâ JXjjJSt } <U3LbJI CUjjIjJÜI — III 

. uSVÂdl 

. «ic^jocefiJU <u£>fdl 4SlhJI — 1 

j^jOLc c QulSjO ^>jjoJ c L|LJULJLiJ U c l^>'lj| V c UlCj^juJ3 c ljJLiiS ^3-JuJüJU l Jjl9 jjlC ^CXjuUL>JI jSQ jJ 


. J3JJI v_SV^ 0IJ03JU v_SVJoJUdl />UàJI v_S ^9 E c ÔJL>3 E c = 


1 


-mv 


E c <x£y> às\]o 


Ùj^xS j$jSX às^juuJ v_SV^ /)ouUC*JI CLC^juJ 0 L 9 c CL>ljJ S _S'3 /XjuloJI ül Lou 

vJLzJI /XjuUC*JU cu5>*jl qslLII ,JMÎ> <^JuJùucJI Ij^J <x£y*}\ Ct3LlaJ| ( ÜjjO ^JuJujoJ CUljuulJIj 


X = x cos 


f 2n 

- 1 + (p 

T 1 

V i 0 


î ■ F 1 2 1 .2 

ul Cjul^u E n = —mv =—mx 


. ^^joc&oJU <u2uJ12uüoJI 43lbJI — 2 
: OjvSuJISuüoJI a3lbJU u ijjsù 

à3 Ü 3 CuS^pJI C(3UûJI ^ 3 jOJ^jO v_sv-di t V_sv9 Lo ^ 3 jOJ*joJ CO^^I^uyoJI ClSlLJI Sr ^^ 0 St 5 ^ 

. cLC3joj^uoJI ôJLgJ 

Ep = E pp + E Pe cü^joJI Os^ 3 cislb3 <=LjJLqjJI < 3 *slz >3 c^slb £3 jcx^uo v_sv^ v_sv-ûSÏ O^jo vjujûuoJ g-^JI <islb 
j3^i 9 j^>o G (Jjo jLoJI v_sv-Q- 9 ^JI «-S3^juuuoJI gjo cüLlLijuo cuJLûjJI g^oc^JI cL 9 lkJ cu^>jjoJI cJbJI jLiti 

/X-juUL> <JjO CO 3 SUO CLC3 jOJ^iXxJ ^jkSuû ISLajoJ I ClSÜoJI jju&J ül lS\ E p = E pe ^jOLc JuZIJSÜ (E pp — 0) V^jüJüüoJI 


E = — mv 2 H — kx 2 + C : Q-cb v^svjiSl iv^Ijq v_«JL^5 

m 2 2 

L_S^-C JuZi^j X = 0 ûl LSI OJI3JI Ju^C E pe =0 : v_sv^3 cü>oJI g^JI cisllaj cus^^jq cJb> jLçl>Ij 


E =—mv 2 +—kx 2 : v_sJLJI 
m 2 2 


Ec i'mJ « Epe (m J i Em i mJ < 
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otStSis-lll JUfil oJls- _ i 

t T {) ^bJI ôj3^ sSj3^ joilbû ^jOLc y]^L>û 3 <. lub X m objüjüJI g-*jJ3 uS'iL^ cJbJI ô_)lû> v_sv 9 

V 3 X J 0 u 3 Cjû 15 Lo^Gjo E = —mv 2 H kx 2 . ^3jo^joJU cU^uul^uuoJI cisLbJI -blâj*ül bju^c 

m 2 2 . 

E ——kx 2 cU^uûlSuuoJI qjâlhJI ois X cUo-^lqJI LoJuOulS cÜUclLajj\JI _L>b LoJulC _ 

m r\ m c m ■■-' ” ■■ 


77 1 , 2 1 2 
^3 E m =- kx m =-mv ir 


ül9 ^JUU 3 £ m =^mv^ 


ois X = 0 cLoJ^ljuo ^Uajüuu\JI Ü3 IJ Ioul£ _ 


! Cl 9 \Lsd I ^UuuLjuUU 

cuJLcxs^ lSI ciSÜûJI qjo L9\Lbül cuJLblâJI LszjoJI ^jdc ûl 

! j^jjOjJJ t Xfc_AjUuJ U L^SLoJLjujl 

dE 

—— = kxx + mix = 0^>mx + /x = 0 
dt 

: v_svü3\H OjjoJI ^juuI^jJU ciSÜaJI ollaJai%jo 
<5 E c s E Pe CLoJôJI ^^JULQj ^jvlc JuUUOJ 




. y>$ v_sv-ûSl Ojjo ^jjüI^ c^SLaJLSL 00JI cislhJI Jôà^ju ol 5 l£L^>\)l vU^ v_sv 9 ï 

. <Üjb£jo jjlC o 15 LSul>I ëJb* _ v 
lSj3^ \J 3I sSj3^ cLljuj /)Uôj ^.svJLc JuZI^âS £ t <jjojJI objujJI g_juJ3 [jÆ&ijJj cJbJI ôJlû^ <^sv 9 

. CLO^JO o 1515 jL>I cJb> V_sv 9 

( olSÜL>\JI ^>3 ) LSjLpdl JLajij\JI ^_5\J( t <jjojJI &° < ^^o^oJU c b^^lSuuoJI ^sllaJI 

: o^jJI E m $ E c 3 E pe oljjçâj Ji^Ju 
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Ec (mJ ■ Eps im J) Em rrnJ « 



■ WSOJI CUdUaJI <Luj\jjJ\ — IV 

. CLC^O^JCÜJ «uSpJI 43lbJI _ 1 

{ dJJLuuJI _ CUJüjüxJI ^LC^JOsJ^JûJ I 

L0J3 1 ^-JuuiQ-Q. il QuSj^J I ciSÜûJI ^3 J*£ 0 *LÜ v_SvJUI <ZjSjS*}\ cOlUI ül 9 qJLo^jo QjJjS dJJLuuJI ol Lou 

: v_sJLJI J. 5 LjLuJI ^sJLc cislLJI jju&j o^Suljuj (A) Cjub ^3^0 0^3^ v_sv 9 qjI 

6 3 dJJLuüJI <JjO JuuUCSjoJI (a) CLljuUuJU j3^ZlS /)>c / a OjuC> E c = —J A & 2 

. I O Ij3jJ culsjjl OX>juuJI 

. cic^jocboJI tSÜJ gdtd^JI 43lb — 2 

Sju-iaaJI />jX < dLLuuJI ôJuujjej (A) j<pto Qujjjjj ctSp> ^s 3 C <*jJ <jjüb >_sJ ujjI^j jjüsù 

( jjæ2>3jo l _ hf j 3 X£ojïæJI ùÀ£> tjJx <i_A_pdl AâlWI 3 Jli 3 >_>jjo (JjAaj . J A $£> (A) j^toJU ^j-jujuJU 

. 0 2 S 0 X '• IcLi i^ljJI lo^J^âdl 

i>Jb R L^i^ vdJLuJI U3 vuOaiiJI ÜJ3 P I cLuI ^jOLc cüLlLloJI v-S^-oJI 

i j[/i c — -CB IpjOj-C v_SvJU I CL> 3^>0 

üUdoLaju P 3 P q^JlII jjüb J^oÎLcu ^J&~J$=w(P)+w{r)+W c 

— J A &2 ~ tÂ\ =W C ùî tSl _/oJlsjJuo LxplàjJj ùb (A) gjD 


é? - 0 COS 


V ^0 y 


v_sJLJI JijLuJI ^sJLc v_sv^ cuJujûüoJI clc3jo^ïjoJI <iuuojJI qJ^LaoJI ùî joJsï) 

. «iuLuUC^JI oLJLcXsdl Joj^JuUUijJ (p — 0 JL>U 


2;r 

s8y=-9 m —à* 


271 
—U 
.T 1 
K 1 o y 


ol lSI 0 o = û cos 


f l 7 l A 
—t 

T ' 

V ^0 y 


1 


1 


s 3 = cos 


2;r . 


W c = -C0'—C0 2 (1) ^sMsdl s^^uLs^l ôjuî) ^35203 0 2 =-0 m —sin 


^2;r A 
—t 

T 

V i o 

271 
— t 
T 

\ 1 o y 
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JiLjJj ül lSI . 0 2 ^sJJ 6 X qjo J^za3\JI jjSüj. IoJuoC v_sJJI cu>3^jjo JiLjJj JjÏjoJ ciS\Lsdl ô_)lû> 

g^59-)l cülb { vdJLuuJI _ I } clC3jo^oJU cültJI JISLjJjI <jjo JijJu l^Ljuu v_sv-UI cu>3^jjo 


S^sJI qjîllo vj^sü ^UUs £ p( (2) = |c0 2 2 3 E pt (\) = ^Cd; ùî 


^c=EM-EM) ■ s^JJ 


1 


cLuJuJI Jo3j-jujJI Ô^Jl2Ü3 cUs^jjoJI cUbJU cüuIj Cte . E pl = -C0 l +Cte : ^sJUI JjlüxJL oOJ 

. <*££«£60JU <USyJlSuuoJI 4dlbJI — 3 

. E m = — J A 0~ H— C0~ + Etc \ 3^ v^JUI ^jjj[ 3-*J LS2kjoJI ci9ÜcJI jju^su 

. «Üjtx^jO o£LWI oJl> kjvd — I 

. 7 a (9 + C# = 0 AjJLalàJI cuJ^Isjo ôJuoJtÆ _>=* v_sJ ^13^ ^^3^1 obJ uJlJI ol jjJsl j 

dUi>3 CLC3XOÏJ0JU cuS^LluxJI <ÜüaJI JoLàjül >JLüï> ül (>«j ül i >SuOj iSLyoJI ciàllaJI jj+sü v jjo IsMJfljl 

■ 1 J 1 cl^jujuJ U E m jjuszj ^3 Lûjojj U 

dE . 


: l _suî> qjolül ôÀûi ol 6 = 0 m cos 


dt 


f ln_ A 
v^o y 


= J A 00 + C00 = à(j A 0 + C0) = O^E m =cte 
. kxÀJzJj cu^^li^l qjâlLJI ùî kS\ 
cUJuojJI cJ^IsjoJI <jjo ls\Lbûl dJUj^ ûl 0^x13 

£„, =-C6», 2 =cte 

ïïl ^ AAt 


1 


E m = —CO m = Cte \ JuOJ^jO >xC3 c_sJ ISLuoJI COUoJI JôûJfcJu : 

! v_sJLjJI JijujJI ^sJLc v_s^ coLLJI ollaiaitjo 



cL9lkJI ci^üJ v-sJ UJUI 3 J ôJuoj^joJI v_sv^ oL/JujJI J\L> cül ,jjcuu ciSÜûJI oüaJa^uo J\b> <jjo 

. ^jaisd^ g-^53 cislb ^jJJ QuSj 2 dl 

JLSuü^DI ^5^3 oJl> ^s \3 - v 
■ Sül>> w>JI ÜjuC^j v_sJJI <jdul3jJU ^iSLuiSLuoJI ctslbJI uASbjJ 

Ùjl$JI u^l^OJ cuSlbJI cUajIjJÜI — V 
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à£)y> /ylsLoJ$ S /yuuJS*}\ j^xS />>C J A ûl vÎjuC^j { S /kjuüL^JI _ Jjobdl} Ojl^JI jjjuI^JI cLC^jo^ïuoJI jjÜSÙ 

■ s5^jl &>>oj JojJ^jO /xlaxJ cLlajuuJIj t JS JulC 0 v^ljJI ùj^xB jSjjo 

\ Joaj>oJI &>j joJI v_sv9 °^y> cislb ^jOLc ûjl^JI ^juI^jJI jB$Jj : cI££joc%aJU cu5>^JI 03UsJI «. 

£ c =g> 2 

^c^oaaJJ <uJUJI 43 Ib — 

: ^â> qJlajJI Jbex) <^3 Oj\$ U-L1I3J 4 _JlaiJI g-io^JI 49 llo j+*sij 
vs-«jùI zs S /vjjulsJI 4Jb5> m c.>+> E pp = mgz + cte 


zf 



/xJàJu 0 u 03 JuoI&jo 31(0,i , j,k) ^oJLssjoJI ^s3 ùj^S 

ùJljuJ g 3 i l _sJLc\JI c L> 3 j 03 v_s\-uj U (0,fc) ôj3^lo 

. qJLaiJI 

. 4jÆ>>oJI cJbaJI qjo IdMJajl iJcü Cte 4JüUJI 

.ujl^JI (jjjI^jJU cu2üJ15uuoJI 43UaJI _ 

£ = E r + E 

m C pp 

]glUjJQ ^oJLs^jO v_S^ 3 Ojl<) c ^J^ISjjoJI <=L9LLJI jo-«lS2J 

; v-sv-iojl 


j_ 

2 


E m - mgz + — J A Û 2 + cte 


1 



: JLo 

ol cLujsi; z = z 0 +/j : J 5 LcijJI 

O'G = t/ h = O'G-O'Gcosû 
z = z 0 +d( 1-cos#) 

: àuSL>jjy]\ 4 _lbdl (Jjo lâULil C?e 4 ijljJI JtjJuaJ (jioj 

cte - -mgz 0 oî sSl z-z 0 -ux E pp = 0 
.. E m = mgd( 1 - cos 0) + ^ / a <9 2 


dE m 

_«1 

J? 


= mgO sin 6 + J A 90 

— è(mgdsvt \6 + J A d^ = 0 
E m = cte 

m 

CuSuulSuuoJI ClSÜcJI ^_ 5 \SLkJ olSlSjL>'\U V^jLlC y^B 

ÙjloJI ijjjIqjJI U^l . cLüb cJLûjJI JL*jo Ojl^JI 

cuJaS buo CLCQjDJao 

43lhJI oLbJo^uo _ 
ctoÜJI cJbJI-l 

Z v 3- jwJL '^I cU\Jju cuJLaiJI cislb oljjjiüJ v_sOLhuoJI JjuuojJI * 


PP 


mgz 


E m = S (*) = cte 
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. cidUsJI >£>Usuo (jjj jS J3^ v^jjLoj 

1 ÿJjJOJ 

cu\iuZ 53 cÜjo^jo <=ÜjlS ^3 cdLzijuo j+£- olôJ ^jÔj b o]cuuj\$j m = 55g IgJiJLS v_SvjIj> 0 -^ jLJL ÔjS 

. = 12cm v^sî J ^3 k -\AN / m 

E Pe cJbJI ô_)lû> St sv9 . £ 0 / 2 l^Luoj cJ 3 _b cLuC> lb 3 SL,^Lo ^^uUI O 3 SL; t ô^SJI <*3_X3 J^l9 _ 1 


. ctblâ^ül JulC u^uLJI s _s'3 cü3Jj*joJI ëüjjoJI g^JI 33lb 

ÔjSJI IpJL^juuüSI ^l9UcJI JijJj Lo . LIS ^Ü3>-^ :j0 ^l c L*3Üo ^Ul ^uuou ôjSJI k3Â9 s:Lui 2 

. ÔjSJI ULjuJj\) lS3^~qJI ÔC>ajüJI ^UuuLjuJI 3 

2 uJj-oj 

3 _Q> 6 ? CÎjuL> t ,JuUji3 0^3 vSULuü QJO O 3 SJÛ y> v_$J 6 = f (t) JoJo^joJI cLLq_juüI 


. C = 2.10 5 N.m/rad s^Luuü dJÜLuuJÜ ^sOUI cuûb . ^IjJI J 3 ,zi 3 C \JI 



. />>c /a güJLi-jujl3 é r o ^bJI j3-jJI — 1 

T ÔJüO cLuI cÜjOs^jO olSlSji->\JI _ 2 

. CUJI 3 J g^ 3 jo qjo ^jLjuuoiiJI j 3 jjo JulC ^juI^jJU cuS^pdl qjâlbJI v ljuUl:> I — 3 
. 6 — 0,8 rad cux^iül 6 _L>b Loj-c ^ 13 ^ E c ci^pdl E pt v_sOU g-^JI ^3lb — 4 

l3lo . {E c + E pt ) £ > 3 jo^joJI — 5 

3 vjj>oJ 

j 3 >j 0 lS 3 -*-juUU 0 s 5'3 V-V-Lû m = l,3£g CUJLiS (s) ^_jJL^ /X-juJU> ^JjO L 3 SJO bjl 3 LuU^ JJÜSL) 


. (A) v_sv-û3l 


j3^9 jSjjo G <juu ci3LuuuoJl3 i / A = 0, 24kg.m 2 3 ^ (A) j 3 j*joJU ëULJuuuJb ^_JLziJI ^ 3^*3 />>c 

. olSlSjL>\JI Jjo^û . J = 18cm lS 3 Luuü (A) j 3 ^joJI 3 (S) 

0 < 10° \LkjSXJ LS 3 IjJI J3 jZ 13\U CLjLJUÜüJb < jjüI 3 jJI IjLgJ ôjuçâzJI objujJI V_j-juJL>I _ 1 
E pp = 0 Jl>L . <^ 3 ^ cuJUJI g^ 3 JI ci3lb jjusù cJLûjJI ôjuJj g $ 0 $ d $ m cJ\Jju Jo^l _ 2 

. Ojl 3 xJI JUlC G &0 3^0 QjO jLoJI v__S^-Ô3\JI ^S 3 jLjuUUoJI 
g—9.8m/s 2 v_svl^j E PP =7’5mJ ol LoJLc < vJuJuuoJU iS 3 ^lqJI CU 3 IJJI clc^huüJI ^ max — 3 
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4 üj>oj 

E pp oIj3-Lij qJLô_juul CÜLu^JI 
ciSÜûJI £^ c 3 t cuJLûiJI g^3-ll cislb 
qslbJI E m 3 

ijX Cyjl 0^(3 vj JuJuuoJ I ^Ü\Jju 
O3JJ ^3JLt>l3 jJLÛjUUoJI CUJI3J g*^3JO 
. t = 0 cÜo^J v_S^9 Ju c LC>juj 
i^jûduoJI dJb[ 3 > \U^o É ^Jl> _ 1 
JISLjüüI qjo ^|SLjuü v 3sI3joJI 
. q 3 lkJI 

<jdul3jJI r o j 3 aJI clo^s Lo _ 2 

T OJI3JI 

Joj^juUU (JJü^ J3J0 Ü35uljuU /xS _ I _ 3 


Tïl — 220g J^U-ajüuJ I <jjüI3jJI ^JLiS 

. <jjuI 3 jJU lS^ziqJI cuJLûjJI cislb -^> 3 ! — v 

. ^ÔSZjJ ôjJLâzJI l^ljJJ CLiljuJuJIj JjO^£iljuüjoJ I V-jU^QjJ I ül <JjO _xSU _ £ 

5 

< ciJL^LÛo qjlûJ û*>ku ^JuJuuo rn = 250g qJjS lSS ^jJLz) /Xjuul> <jjO ÜjjO v-V-^ 0 


R 

s 


G* 


. k = 10Af / m cuj\L^ 3 « cdLo^jo CUJLS3 
. ^Luu ^33 LlÜSÎ v-V-^ ûl ^XjuüC^JU 
^jJLc /xjuul>U j3-^S G àS>y> jjjüjJu 

j /xJLaxJ (o, /) v_sv-q-9\JI 


/xiszxxj3 t v_sûojl gprjJZJ JajüjJ°3 />Jâjuoj 03 JuolsLmo 

. Ojl3iJI JûC G g^3jo G 0 O cJoüjJI ^3jlLlu . X 


clc^juü cL^uuo V ÛjuC> 


/ = —JLLV ÔJuj> 3 Ô3ÜJ cU9lSuo dlÜû>\JI «^33 ûl i>J £ cdLcx^jo j+£. 


x (KT 3 m) 



. ^jS>^jo JjoLslo jU 3 G 
<Jul£ ( 1 ) c LQ-jÛ 3 J I Jlo^Jüuulj _ 1 

cüjlS3 objujJÜ T j 3_)JI cLujj 

. ^13^ yj£) bJI J3AJI r o gjO 

3 (I) ûLuûûuoJI JJuOsj lialo _ 2 
T ^1 c IÜjÜ3JI <*_sx 9 (v) 
cisLkJI ^huülûj ^slS — 3 

■ sjjüJûuoJU E m QjSuj ISLjjoJ I 

ajlc G cicj-xjü Lo_I_4 

JJbîf 2 3<, 

. dLl3^> 

y ÔJuujJI ^IjOsjlS ^ÜÜuLjuj! _ V_J 

■ 1 ï lô 1J Ld> JülC 

. E m ^s^û-oJI JijJj JJ-c _ g 




















































R 



6 (JjjjoJ 

g =10 mis 2 À>lj 3 &uoj> Jjo^j 

! QjO O^^juoJI 3 c 0-Q_juül JSLjJjlII \^3 JjüOuoJI jjÜSD _ I 



v_5\S ClxSuU ISuuoJI [jÇjSUo jjuSZJ ^ÜuuljuüI 3 • { 


k CUj\Lz53 CUxX£jO CuJLu 03 é ^JLzlôO <3j lôJ /? Ü _ 

. 771^ CLiüjiS tSj vJLz) ^ _ 

^jx^JuoJI v_sv3 i Qjj\$J S-^>3 jo S^youuupdl £ujj 
CLuJu cLC^-juj O 3JÜ ÙjjSzj /xj *0 ClSLuUUOJ £ ^jl> 3 joJI 
g-^JI q3ÜoJ gprjjoS jlc*ü . t — 0 cÜô^JUI v_sx9 

ô3^ujuo jjj-C ^^uUI c Lj3 ü sSjJI g*io3joJI t cüjjoJI 
jLoJI v-SvüS^JI ^3 ^juuuoJI cuJLûjJI g*^3JI cislbJ I^>jj 03 

■ G <>° 

/x_jujj>J 1} ^3joj^joJU cuSpdl qjàlhJI j+jSÜ JclcI _ 1 

. { uûlUI « 5, 

ôjUI £ 5*, /x^jul^JI} ^3joô^joJU g^3-)l cislb >ul2j Jacl 2 



. X 3 X 3 k cJ\Jjü t cdô^J 

3 

^LuJI v__S^-Ô-9^JI OjjoJI ^-jJuJuuoJI CjulaJ _ II 

cuJL^3 ^Ijüûo\JI JjL9 j +£ JojJ> t 

(P) àjSu lSjJzjoj Û3^ jjyj cÜjcx^jo 

«J^jJoJU ^1^3 £ M lgjJL ^3 r Lpxls-jJj 
qjJjS ( ^2 ) Lo^juuo j>\J I 

( JfLujJI jJôjl ) m 2 —m l —m 


j3^fcXxJU CLljuUlJIj / a Ôj^uJI /)>c 

J A = —Mr 3_d> Lû^jS^jo jjjo jLoJI v_sxü3^JI 


. M = 2m vluc> 
cJLbj cLoj\JJI jj^LûjoJI cJ\lju _ 1 
. 0 JI 3 JI jul£ ^Ul 
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Jjuoj . t — 0 £ Üà^eJUI JulC ÀjjJu Ac^-juj O 3 JJ />j Z m 49Lujuou JAjuj\JI 3 ^ej (A,) Qujj_2 

<Jlüu 03 Pj^LajUüuO c LyuOj JJuO JMj> t I /xJLuuJU 5j 1 jjO ^ lo Q J ( _j T Ç%_AjuÜ q Jàaü I J^LajûJI 

. T = 40 ms 
. v-V4ioJU T 0 j$ jJI o+c 1_2 
. S r x m g^u^JI o+c 2_2 

dLptJJ ^La-jujLjuj^I à9\laJI $\JLc diloJLcU_3 

Sj /LuuUjdl 4$_pJ CUjLoLfijJI ëJjlaoJI ül tJjjJ 



.. 1 k _ 

x H-x = 0 

3 m 


v_5sJLJI JSLlJùJI (^jsJLc v^jlaSL/ 


4jj»JUI JulC Sj _/XjlUJsJI j^£tS j$jjO <J^ûâ\ X ) 

c ( t 

. Sj cujuojJI cJil&oJI l_u 5I _ 4 
m = 200g ül LoJLc k ,,/àjUI 4j\Lâ :>jo _ 5 

7 \jJjM 

v_Sl9 Jjoaj 3 i JjoL> >_sl 9 l _sJLc\)l ciSjJo qjO OuJuo C c uJ 4jul) <_sv_»jjIj vULlo (JjO i_sUI Ù^Sjù 

3j3> v_suaajI_j 4j-jujuJIj ôj3^9 /ïJX i £ = 2cm I A5 Lojübtüo L^üaS JjLuuVH 33_)Jo 


(ÛJ 1 


>(+) 




. J A = 4 .\ 0 ~*kg.m z 

6 m SoljJO l_jl>3joJI ^^oïjuoJI i_sl 9 (a) j3^joJI Las! Afi l^juuiCLQ. JI^jj 

gyjLJI oIS cÜâj^JJI ^s 3 CLuJu Q£-j-juj O3JÜ /xj t Qjj\$j fjjo l 9 \LLül 

. t = 0 

cOjuuJü sSjJI . 0 LS3IjJI oJ$jæ 3 \j cÜô^iJ <^sx 9 ^juyJaiiJI /xIsjoJ 

. Æ" 2 =10 JL>U3 o 151 SJl>\JI &JdOS> JjXgj ■ Ojl3lJI g^3XxJ CLljuUuJIj 
téjsd ^jJLblâJI cJ^U^oJI _Xj>3l £ cLhujLuüSJI cüAlsdl Joli _ 1 

. C 3 / A cJ\Jjü T 0 ^bJI j3-)JI >hlsj £OlOuüI3 £ 

j+jSü Jl> 3I £ v_sJJ SO03JI cisLIaJ Is^jjo vlOq.qJI Ojl3jJI jLo>U _ 2 

c s J A { ULyioS £ dJULuJ £ Jjob> } clc3jcxj^joJU clALjI^J^I qsLkJI 

■ ^ ^3l>JI (: LC_>jujJ I3 ^ v_S3ljJ I Jc^ziS^J^ 
. clc3jcx>joJU oJJI S-^3 ^Slb3 LS_v°JI ^UaJI oJaioitjo qJLô_juul üLuoJI Jjuoj _ 3 

; jl> 3 Î oLulxxJI Ijlû^ ^sJLc viblcx^U 
. v_sxJU g-b3ÜI qslkJ l53^lqJI cUxjüJI 1_3 
9 m 8-^^JI 2 _ 3 
. C dJJLuuJU v_sv-UI clûü 3_3 
. <^juüJ2_Q. Jl oSyd ctOo/JI cJ^lsxJI JclcI _ 4 
QJO d — i I 4 ClS LjulLoJ I < JJULÔj ^juuZIqJ I ^jOLc Ouuij _ 5 

£ujj3 . = m 2 = m Lo^jJLiS ^juJULdoo ^ooj^ljuü (A) j3^joJI 

CLCj-juJ O3JU ÔJJJO3 6 m CÜ3 IjJI ^hJLÔjU CÜj I3J gO3j0 ÿX 1 -jüauZI.qJ 1 


cLuJu 


. A^ISlS 1 3 -L 0 J\b> oUjuSlO>^o v-V^oJI ol LoJLc £ m cdLSJI ^ 


I 

A j 3 ^*uoJU cOjuoJIj { qjJuo^ijuuJI £ ^juuJoqJI } cLC 3 joc^joJI J a = J A + 2md 2 v_sv-Las*i 
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. OLdLbJI >Q>UsLO £u SCêÛJ 

1 

: Q^AsLgü\ JulC ^^uUI v_svS àj^y^uy]\ qj^joJI g^o^JI qslb kuLiujj> _ 1 
: Ô^^JjüO jjlÙ yjèü LJ I Lo JulC CÜjjoJI g^JI ClSlbJ CU^^>joJI cJbJI jjJSÛ 

S2>sJI cisLlaâ v^UUs Cte = 0 ol lsI x = 0 E pe =0 : cu^^oJI qJbdl ^ E pe = ^kx 2 +Cte 

E = —kx 2 : cJbJI ôjlq^ ^9 cüjjoJI 

^ 2 " 

3_û> u^uUI ijtAsü ül lSÎ / 2 v^Luoj qj^b vlujj> Lb^âzijo ^^uUI O^Su ôj5JI J^i9 

E pe =-kf 0 =6,3AO~ 3 J ois 0 JUU 3 x = 

8 

QuSjj> qsUo ! ôj^JI L^jlojuuüS I v—s^-aJ I qslicJI l J5Ljuû_ 2 

: ôjÜI JLjüjV clc>juoJI 

qjjl^j qjo ôj3jjo jülc qx^juj ôjÜJ O qJoüjJI <jjo ^/uU^ ô^ÜI j3>o ju^c 

: <=lSjs> qslb Ji^ju ^jOLc ôj5JI L^Su qjjjoJI g-^JI qslb J5 oLJaaoJI 


t 

0 0 


^0 

- 

2 0 


2 


cul 


j-i 1 2 

Epe = —mv. 


2E„ 


max ** ^max 


pe 


= 0 , 36 m/ 5 

2 11 Ici A 111 Cl A \ / 7 

V m 

2 

7 q — 0 , 5 s ■ üLooJI ^bJI j^aJI ÿjuSLi 

! Lh-jUlJ I jQj&S ^UuuLajüJJ 

3_q} u^bJI Iûj 3^ ül ^jjujjJI J\Jj> LJLz 53 j 3 q-H^ I ül l 3vJl>iJuoJI J\ 1 j> ,jjo 

JI = ^rt = 1,25-10- 1 kg m 1 

47T 

. Ijl> qjOuLüJI ô_Ld> ül Jô^\b 

2 

. J^OtLJuULiJ I 

: Qjj\$j g^3j0 <jjo ôj3jjo JuoC <jjul3jJU cu^jsJI q 3 lbJI vL j ‘ jUl:> — 3 
0 — 0 Ü35J3 qj^ziS (_>ju I^jJ I cLCj-mu Ü3S3 üjl3-JI g^3jo 

JuoC ü3^u Lû^ >H lS2j3 <jjuI3jJI ôS>y> J\L> qJôÀ^Juo Ü3SU cu 5 ^I 5 L*j^I qjâllaJls qJLo^jo ol 5 lSL^\JI ül Ioj 
às^j-uj ül çSl è = è m 3 # = 0 O3IJ Ojl^jJI S^o^jo Jul£3 E m = — C 0 3 +O = — C 0 3 ^â> @ = Q m 

E rn =- J Jl +0 = - J A&l s^JLJL’S Ù3SJ 

^ VE = => à m = 0 m X ^ â^is^i Sàibii jsU^ui 

: lSsjlc ^9 

=10° = — rad 
m 18 

^.., = 2, 02rad / s 
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6 — 0,8 rad Juoc E c Jl C 0 LLJI 3 E pt v_s4JI cislb vL juUL> — 4 


;r 


# m = 10° = — = 0,174rad <0,8raJ ôâ^J cu^dJl cloulüJI û\J û^xj ^ 

18 

6 = 0,08ra<i = 4,5° gj JjoU^ ül o^j 

>aüuuuoJI cüjl^j cJb> v_sv9 vs^clqJI 1^3 ü^Su v-S^JI <Us£>>oJI <JbJI jlüü E ——CO 1 +Cte ül /xlaj 


pt 2 


1 


Z? — — Cé? ül lsI Cte — 0 clûIjJIs vpJLJl^ é? —0 üjul 


" 2 


E pt = 0 , 64.10 1 J : sS^A£ ^JoJ 

! < 3 ÜcJI 

! v_Sv-Qi ujuI^jJU c La^-> j ISLjjoJI <9UûJI A j&Asu 


E m — Ept + E c => E c — E m E pt 
E c =^C(ei- 0 2 )=O,O 2 AAO- s ] 


3 \jJjM 

! 6jjSL £Jl oUjujJI _ 1 


T ° y mgd 
T 0 = 2,01^ : s SiAc ^JaaIo; 

: ojIsJI l^ajI^jJJ cuJLftjJI &£>$)\ asllo jj.jsü _ 2 
cU L> Üqauo O 3 v _süLc\JI <pü ^j>3jo ( 0,k ) jçptoül jLàü Ll iSl Z = 0 jülC E pp =0 4iSî5rjjoJI <Ub*JI Jl>Ü 

E pp = mgz + Cte ois ^sJUl^ G üjl^JI gx> 
ül Oaj^cj E pp = mgz ol sSl E pp = 0 = 0 + Cte => Cte = 0 : LjJ Ousl>^]\ qJbdl ^ 

Epp = mgd (l-cos0) ôte a_sJLIIj 9 z = d(l-cosé?) 


1 


o 


E„„ = — mgdO ül sSl 1 - cos 0 = — olà jjs^> &jjjs oli oUjujJI ül jLicU 


A_jjuJüuoJU iS^a^LoJI CLCjjujJI Q m 


jLaaJO _ 3 


Epp min =0 ol <_sl 0 = 0 i_sl Cüjl^j &£>$X> (JjO Ôj3jj0 JulC iS^£tS Lsll QJZj-jjJ O 3 I 3 JI Ù$Sj 


E = — J *01, v_Svj 3> cÜbJI ùlà> v_sx9 cuIjJKjuoJI ^sUaJk 

TYl 2 ^ " " " " " 

JulC (jjül^jJÜ «USujISLijoJI CtSÜoJI ül l^Î <U5uJ ISlijoJ I ClSlIaJI isl&jül J La 0I9 ClLol^jO ol5lSL>\JI üî loj 

1 = E 0 = 0 

pp max max 

: ol lsI g^^jo 


Ù JS>° ALj11u-oJI cislkJI LsL-o E m = E ppmsa + E Cmin = E ppmax + 0 = E ppmax 0 - 0 nmx 


1 


F — _L T fj~ ——x A — 

ppm&x ^ ^ A^max ^ ^max 


2£ 


/?/?max 


/a 


^max =0, 25 rad 

4 
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JIjuJI j]ôi)\ ! 33lbJI JISLjujÎ <jjo JiLjJj JÜ ^l^oJI <_s\JOOjoJI JuAoO _ 1 

: ojl^JI T 0 j 3 -)JI cuxjS _ 2 

« c T 

r o = 2 T ül sSl T = -^- 3 _û> Lo^juo J5 3 ^ E pp oIuOOjoJI J\Jj> qjo Jcl>\1j 

T = ls ^>T 0 =2s ois JjLluJI v^ajul ^3 
: r o ^bJI j 3 aJI jjjulqj cj v_sjJI Joj^julJI ^ju^I J 3 _b _ I _ 3 

\_s\SJ Tq — 2 ^ |— ! JûjljuuuJ I jjju I3-JI j3 ^ ^ I 

\ g 

T q = 2s 0 ^ 3 ^ sSjJI OJI 3 JI I gjo Cx 9 l 3 ijo O 3^3 

4 = 4;r 2 — =>(,= -^— - lm : oJUK 

g n 2 

<jjuI 3 jJU ^ 3 ziüJI cuJUJI §* 03-11 33 Ib jju sù _ v 
E pp = mgl{\ — cos#) : Jsu-ujuJI 
LüjJ jjà£> g_uü 3 ois oUjujJ cluujüJU 
1 c 

E ——mgiO 1 ot ls! 1 —cos# = — 
pp 2 2 

U^jJLI 3 -a_ajUjJ ' JjO^^jLajüLoJ I l_jU^£jJI Ol ^jjO aSLuJ _ § 

<jjo O màx CASI 3 JI Û3jl3 lSI ô^xâzJI 



oî _xod 3slbJI < jjulôj Joj-juuuJI ^joul3jJU oî jUicU E = —mglO 2 :clJLJI cJ^laxxJI J\L> 

PP max 2 max 


0.= 


2E 


—EEH^L - o, 226rad = 13° 

\ ingi 

5 \jjj joJ 

! cujb»- cüijJsJI v_s\5 l _sCL»ijjoJI qjo lôMJfljl 7 1 _>3_xJI cb-Cj JuJcO _ 1 

T — liS" ! 3^ 33-^ c b-juJ ol JioJI o*^ 

: ^j3> ^I^jJU y^LiJI 

C \ffl 

. OU 3 LajUÜuO \jUjSU V»jUJuJ üuoJU j 3 -^Is j 3 "^ 3 jljuJ Ol \jjuu LouO Tq — 2 TTa = liS 

: (v) 3 (O oLuoouoJI jujcO _ 2 
E c = Enx 2 : v-ojuuoJL) s4_pJI 43ÜaJI (î) 

E pe - ~^kx 2 qj^joJI g^JI 4slb (v) 3 

^sJLc 33lbJI ^juJ jj-c CJ33JUUU0JI dlliij>\JI ^30^3 E m cuS^I^joJI c^LbJI ^^sLj j~vjJu _ 3 

■ ^Lb JijJj 

: ^ CLboJJI AjlC G clc^juü I _ 4 
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cdaüjJI ÔJlû* v_svS cLCj-juuJI ûl9 vJnJUIj3 ^* 03^0 <jjo jjoj G ül lSI X — 0 LujJ t ] cJâ^JUI Jul£ 

ci^SLiJISLjooJI cUâlLJlS v_sJLJIj3 3j3-ü lSI cLo_Xajuo <Ülb3 cu^zaS c(3UoJI ûl lSI cü3Zi3 


(0 ^Cmax (0 ' 


1 


■mi 


=£„(»,) 


■^max 


2E.M 


m 


2x1,6.10 

0,25 


-3 


= 0,113m/ s 


E c (f 2 ) = 0 => v(f 2 ) = 0 sSÎ CU3J^ cu 5 >^JI ci3ÜaJI û$Zj t 2 l^JUI Jul£ 

! ^juJo^JUI Ldi JulC f ÔJuuüJI ^j0ul 9_ u 

/max = /^-^max ^- 1 -^ Ü 3 £üuJ / = ^/V Ô 3 ÜJI ÔJuJJ ül lSI ^3-^3 CLC>juuJI Ü35u ^ cÜÔJ^JUI AjlC 

. dJU_xS cLoJl^juO Û35LÛUJ / Ô3&JI ôJuujl 9 V-SJUU3 c(jo_XS2juo clc^juüJI Û3ii t 2 clIôj^JLII _LlC 

E m ^jûj^iLoJI — £ 

^SXjûduoJI Ü35ULJUÜ3 JôÀ^fcJu LSL00JI 33ltJI 0I9 ( t 2 \Üuo ) cloJl^juo vill 5 Lc>\JI Ô$S ÔJuJJ Ü3SU Io_Ll£ 

. cuiül 5 L^I q3ÜaJI ûl lsI ô3_qJI ôjuJj _xs^3 (palier ) cuü3l cuic <jjo cjj> { j^. ë>jLc Z? m 

. CLub dJÜjL^\JI kS$S ül güb J 52 ujJI Ijlû!>3 

6 sjjj joj 

{ ^yiuUI i ^—jJLw^aJI /xjuuc^JI } ^3joj^joJU <xSj^ti\ qjâlhJI j+jSÜ _ 1 

E c =E c (S l ) + E c (R) 

cuSpdl ciSÜoJI ül 9 v_sJbJb3 E C (R) = 0 cLoAs^juO cu^j^JI cuslb ül 9 ciJLcx£jo ^^uUI cÜLi$ ûl lou 

E c = ~ m ^ 2 : ^3 xx^j0sJU 

: clc3joj^joJU g^JI 33 lb — 2 


ül oLJoSZjcJI 


cü\) cLoJ^juo ^sv ^3 /x^uul^JU cuJLûjJI g-^ 3 JI cislb ol Ep - E + E 


§* 03-11 osUo E pe 3 ( Z — 0 ül9 v r s 0 bJb 3 cLlÜSI G ) G <jjo jjqj lSjJI ^ 3 jûjuuoJI ^_s3 E pp — 0 
ü\J A£ 0 = 0 ül Ü 3 SJ t cüô^JUI jülc ^yiuLJI cJLbl x JjuoJ E pe = — kx 2 +Cte \ v_sv ^3 ^^ubJU cu^xJI 


v_SV-ûSl ^LJI 


E p = ^kx 2 ülà ,_sJUIj 3 Cte = 0 ül tsl x = 0 jülc E pe =0 ül cusisr^JI qJbdl ^mjs> 

■ Q r.<) fy *> r\ 11 g 111 5 a XX11 CL9 1 lo 11 iiV 111 i 

= — mx 2 +—kx 2 
m 2 2 

: 0_>xJI v-V- i^oJI cuJLaLftjJI «Ü^lacJI _ 3 


dE. 


: 0I9 >_sJLJIj3 —— = 0 ol tsl iàÀsùj cb^LùLiijoJI cièllaJI olà «üjixpjo o 15 LSj^>\JI ol Ioj 


dî 


kxx + mxx - 0 => kx + mx — 0 (x ^ 0 ) 


xH—x = 0 
m 




















R 



: ùjlÿül juc u^UJI £JU»| 1 _ II 
^SvJLc ùjl$JI \1oj-juJ i CüLhJÜI J\b> ^JjO 

^L>lj[ V_sv3 S2 >O^JuUL<ïJI 3 5, /)ouUC*JI <JJO JS 

: ^jOLc J^zi^d ûIj 3^ v_s\3 s5^3 ôjiJl3 

: Sj /^juücJI UJI3J CLjujIj^ 

R 3 /xjuul^JI ÛJ3 : S x ^sOLc ^aJa/JI l_S3üJI 

6$3 F 3 JajjâJI >3J 7 ] 3 uSvüS^JI ClLjuJI >ub 

. LJI ^IjüjI 
P 1 +f 1 +Æ + F = Ô 

: (O, i ) <Ü\Lsdl ô_)lû> JoîLjuijü 

(1) -fcA^+ 7 ; =0 

: S 2 /^juücJI UJI3J CLjuüIj^ 



oj 3 P 2 : 5 2 /^juo<JI ^jJLc cüLlLjoJI « 33 ÜJI 

. kuS*)\ >*3^ T 2 i S 2 /^JuUC-dl 

p 2 +p 2 =Ô 

(2) mg-T 2 = 0 : (o,£j ci9\laJI LüLujI 

( CjuÜ j 3 >u 0 Ü 3 ^> ülj 3 jJU cüjls ) Ô^SuJI OJI 3 J CLajüIj^ 


jj$j T 2 3 iipdl jj$j T x 1 ôjSJI ^jOLc j3j*uoJI jjub J ô^SJI ÛJ3 P ! ô^SJI ^jOLc cüLlLjoJI «33ÜJI 


. Jo^JI 

A ( p )+A ( *')+A (?)+ M a ft) = 0 

. Ô^SuJI iSjSXJO jJjO jjOsJ Lcxûijjub Ù3SJ {^R ) — 0 3 jH A ^pj = 0 


A (?)+A (t?)=■0 => ~t> +r 2 v=0 

t'=t' 

T x — T2 0I9 v_sJLJIj3 P 2 = T 2 3 7J ,= Pj ; clJLo^jo CUJLS3 ^Ijüüo\JI JjIs -buisJI oî I0J3 

—kA £ 0 + mg = 0 => A^ 0 = —— oî £üJlOuuü ( 2) 3 (1) ^>03 

k 

T 0 = 30.Àr = 1,2s LjjJ J^juaJI uuuo> 3^3 ^jujüjoJÜ P 0 ^jJI 1 _ 2 
x m = 2cm = 2.10 2 m : oLuuoJI 3^ g_juu3JI 2 _ 2 
/xjuul^JI cuJL^lâJI cJ^U^joJI 1 _ 3 

: cL>lj| ^S>y> ±s 3 3-û^3 5j /x^uucjl à<>y> cOuul 

^IjüjI 6$3 F 3 Ja-Odl >3J Pj 3 v_sv-û 3 ^JI £lLljuuJI jjj\j R 3 /xjuucJI OJ3 P { \ S x ^Le ^aJa/JI l_S3üJI 

. ^yiuLJI 

! LJjJLc ùjjüsü icuüjjQ &>j-o ks 3 QJ3J-J v_sObJI 03jlûJI ^_3-Jcü 

P x fT x F R F F = f îî.Cl 
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t cÜô^JUI JûC ^Ul cJlbl v _ S y^ M ol 



kA£ + T l =m v x : (O, /) ^sJLc qs\lsdl ùâ£> ksuujj 

; JijjJI v_ s^s 

-k( A£ 0 +x) + T x - m x .x : clüjLuJI cl9\LsüI oî lsI A£ = A£ 0 -\-x 

■ S ? ^O^juUC«ïJI 

; S 2 I ^sJLc cüi JojoJI 

T 2 i S 2 /XjuUL^JI ÛJ3 P 2 


i^s^B qj^juJ v_sOliJI O^jloJI ^3-Jaj 
: LJLJlc ùjjjsü vâjSilj Jojü^jo g_>jjo 


P 2 + T 2 = m 2 a 

\ ^0,&j ^jvJLc 33\isdl i>liLjuu( 

(2) m 2 g-T 2 =M 2 z 

( Gü L) OIj 3 ^ <iSjS> ) Ô^SuJI CLjuüIj^ 

jj$j T' 3 -LujâJI >J3J T[ t ôjijJI <_5\lc j3^^joJI jjj b /c t ô^SuJI ÛJ3 P : ô^SuJI <_5vlc cLdjJojoJI l_S3üJI 

.kdJI 

; LJLJLc ùjjüsû iojüjjQ o v_s^3 gJj^pgJJ cl^jujLju^II cis\Lsdl ^Jcû 

jt. (P)+jh a (*')+^ (f;)+ m a (t')=j J 

. 6_j^LJI i5>=to ijjo _)joj Ltxâi^b v„sJcl> o^SJ JlL A (p ) = 0 3 JlL A (p) = 0 
M a (P/) + M a (T') = J J ^ -T'.r + T'.r = J J 

” ” X c 

X — ï — rd^O — — ûl9 6j5uJ\ ^jJLc JjI s j+£ Jcuidl ol Lou 

r 

_T' + T' = J — 


(3) —7] + P 2 = 7 a — i^j^ T 2 — T 2 3 T[— T x \ cLLo^jo :>Ijüüo\JI JjIs j+ê Ja-oJI oî Lcvs 

ûl gUJLOuuü (3) cis\Lsdl v_svS (2) 3 (1) quG9\LslII 

-(n\.x + k(A£ 0 + x)) + (m 2 g -m 2 x) - J A — Z - 

Jk 


r 


m l +m 2 + ~y - m 2 g + kA£ 0 +kx- 0 
r J 


f 


-m 2 g + kA£ 0 = 0 =^> x 


J, 


\ 


+ m 2 + —|- 

v ^ y 


+ kx — 0 


m i = m 2 = m 

7 = —Mr 2 = mr 2 

A 2 

k 

3mx + kx = 0 => x H -x = 0 

3m 

: v-pÀijoJI AjjuojJI cü^laoJI 2_3 
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v^sJUI JijJjJI ^jJLc L-sPr J-sûJ Ipjls cujLJI Qs>jjJ\ ^3 clJoJ* cuLblâJI cj^laxdl ûl Ioj 

*(0=*m COS 


a 2 n A 

— r + e> 
T 

v J o y 


x m = 2.10 m 3 r 0 =1,2^ ül 
LüjJ f = 0 <üaj«JUI JulC < (p Jüjcü 
x(0) -x m -x m cos (p => cos (p =1 
ç> = 0 

: (j^uLJI cu\Læ _ 5 

: 5j (j/sLsJI jS jJI olà ciJLoLàJI aJ.slaoJI J\L> ,jjo 

^ „ /3m , 12;r 2 .m __ mT . 

71 = 2/rJ— => k — -r— = 16,7 N / m 

0 V * r 0 2 

7 jJJjJOJ 

! U-juOCLQ. Jl clJ^dLôJI cJ^IsjoJI _ 1 

cuJUI 4jJLblâJI <=U^Ls2joJ I ^sJl cLqjLuuJI qjjLojJI v_s\S ^LSajuoJ I cüijj-bJI <juULâju 

0 +—0 = 0 

J, 


ûl9 cu^^joJI cJbJI ^juul >3 E p — E pt = — CO 2 + Cte : v_sv^ diLuü 3 ulu^S ^ 3 joj*joJU g^JI c^slb 


"'P? max 


! v_S\JÎ> U-jh_0£L& JU ëbiLùllxoJI ct3ÜaJI ül sSl Cte = 0 

1 ., 1 , 
e=-j a û 2 +-cû 2 


= 3.10 2 J \ i_sJJI g^o^JI aüllaJ t_%^£LflJI 4jOjJUI 1 _ 3 

0 = — rad g-uj^JI 2 _ 3 

4 

! dJJLuuJU v_sJUI CLiulï 3_3 

1 9 F 

= -C0L.=>C = —^9,72.10 ~ 2 N.m/rad 


^ Pt max 


e. 


,2 

max 


a K 
0 — —cos 
4 


17T 


T 

V 


t + (p 


Jl qSjsJ cluuo^JI cU^U^oJI _ 4 


T, = 2 7C t 


c= 2n ‘ 


4.10 


,-4 


9,7.10“ 


= 1,3 a : v^jjüjcxJÜ ^bJI ^jJI 


0{0) = 0 m - 0 m COS (p => Ç) — 0 LujJ f = 0 cÜÔJ*JUI JulC cuî cuJjuJI u-jljuuc*9 Ç7 J cUjuduJU 




0 -— COs(5^) : cLuuo>ll cUjI^joJIs V-5JUL3 

4 


CUJLuoLâJI CLÜLs2jO <ÔuL> v_sOUI jjjU^ 3-Û^3 v_SvSuû ISuuO ^tjujuuO Û$Sj Ig-JLc JuZl^uoJI CLC3 jOU^joJI ûls U-juOQ-0JI 

/ -C 

oL-LaxJI u_jljuJL> s 5^3 CLC 3 j 0 ^ïuoJI j 3 ^ZlS > 0 >c / a ol OjuCfcJ 0 H-— 0 — 0 ! v_sJLJI JijJjJI ^SvJLc 

J A 
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dLjl 2 h 05 OjjJI 

Atome et mécanique de Newton 

AjüÜjjüÜI dULuüUD AjujjaJI QjuàbjJl .p^JLaJU \jo\=r 

hJLJlSûuo ^3 Jl> _ I 

,pJ,95 U 3 JI 33 ü$J 13 — 1 

ÜV^büJI l$\juuJI jjuLJI ! JJÿjü ÙjjlS — I 

Lo^juo J0I3JI m B cuJLS 5 3 m A qjAjS A oLiaiij ülo^uo 

3 A <jjo jLxJI /)uJijüuuuoJI 30* lg_û}b*jl v_sÿ3^ s-ôb*J 033 

; LS3 Luuü Lo^jJuJj3 t jji^xxJI /^juul^JI 3>ü Loj 3 ibïiJuo 3 c B 



.--■ 


U AB 


G = 6,67.1(T 11 J /V.m 2 j;g 


-2 


77 _ r m A m H 

(AB ) 2 

v_s03SJI CLûb G CjlaSZJ 

m A m 


F =- 

1 A/fi 


Â—JLj] 

2 M Afi 


B 


V^/B 




(AS) 

/>3lS Ü3JI3 — v 

q B B 3 q A A üUslqJ ülo^juuo 

3_d> lg_û>b*j| j 3 bu 3I ^33 ^jOLc bx &\15 

v_SVJjLjujIj ^JLsûu Lo-d)L> uu03 i B ^ A ^JjO jloJI /XjJULjuüjoJ I 

F Al B = 4a = ^ : ^3^ Lo^J-^S ‘ <7flS <2 a 

(A5) 




U AB 






q a q B >0 


gJjJiJI v_S ^3 J32JI cLiub v_S^ € 0 


k = 


^oi 

4 æ?o 

£ = 9 AO 9 N .m 2 ,C ~ 2 


P _ j c y a - c i b ~ 
A,B (AB ) 2 AB 

. v_sv-iuuJI jjubJI />lol ôjjJI ^s 3 v_sy^l^jJI I jjj LJI ! c Uo3-^Jjo 

: LujJ < ju«j>3jju^JI ôji> cJL> v_sv^ \buo 

4 _ Gm e .m p 
F Fe 2 


4,4-10 


-40 


o^ÂJU ^3°^^ — 2 

I c Q^Luüj^SJI v_SVjuuJI ^ 3^3 i v-Sÿ^JI V_SV-^ L^ïijJ I v_SVjuuJI jjübJI lS$S <JuU ^JjLouoJI Jbxaji-juüb 

£JuoJ 3 Lo v_j S$Su 0 I 3 JI £JuoJ Cjuü> ôjjJU " Lul$ 3 ^ L>^ 3 joJ " qj^hJjlsJI Cr>iiJI gJLLjo ^3 

J 3 > jLcx3\JI <iSjS> ^s3 v_sy^b^jJI t^jvJuuJI jjüLJI /xSoju LoJLuo 3 j <*_aS 3 £J Ijl& jLcxSb ob 3 ^>ji£J\JI 
. 0 I 3 -JI J 3 ^> Ob 3> ^JVI *l 5 x 9 {-KJJj^SJ I V_SV-Â-;*-fJ I >^bJI ^33 JoSl^ÜJ t 

ÛJ$jj dLüliuüO ^ 3 JO' — 3 

ISjo b 3 jJûJb ,jj 3 -u «iJLulSuuo ^ucxjujü < \Jjuo ( 1 à lo «<o 1 jjcx 9 I j c Ls*^3^ ^LC 3 joojoJ < A-a_ajojJ U 

J 3 ^> jljuo v_sx3 v_sv^LlLlz)\JI ^jcxüJI 

Jôb ül cuSuOJ ( ôjbûLcl ) v_SV^b,io«/o\JI jjCXûJI jIJ uO ^\sLjuJ Ol9 t ^jUJüJI ]o^juujJ\ jJJL jjulSU ^jSjOJ 

. cuSuOuoJI /xjJîJI 

3 JI J 3 ^> ^joJcüjuo eujjb ël5>> v_sx3 ôjjJI ü$jj£J\ ûl LJLÔJ 3 u h 03 jJu^JI ôjS jls^b 

usOjii ûl9 v_sJbJb3 t ëu^jouoJI /xjlüJI -^b ûl Ü3jJiSJ\JI jljuo o-iou 
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v_sOji> û\J j+ê- IJlû> 3 JjuoJI ùIûJL^jo ûLo^> Lo^J Ü3Suljuj < jjj>3jJl^ 

dJLûLSuO Lo IJlû^ 3 . oljjuOuoJI <juULQj IgJ < Jj«J>3jJ u^jI olji> CLolc CLâ^U3 ^hJLÔJ lo^gj 

. ôjj-juulûj CK9+^ 

olîujjaJI 3I oljjJI «33 jLjuuuo ^jvJk v_soJI cLuljjj-âJI jj^l3JôJI juujJü ûl QJ3J SLûISjuoJ <j5u0sj\J 
oljjJI <J 3 bJol I&JjjJ I3 v_sy3*o ^Lsz-juj^ ô^LoJI v_sy ^U^LbJI o\)^LüJI t 4 jü\jjjJii\ j^l^lôJI ôÂûi <juu <jjo 

cuSlhJI vjJ^LüJI QjüoSLp — II 

cL 9 ÜoJI J^Lü 

CU^Lo CLûjl 9 Jü ùji /)IJlLlZ>I JOC _ 

. v_SVJ3-ÎO ^LsZ-juJ^ ôjjJI <JjU v_SVjO j+j b LoJj-C _ 

CL 9 ÜoJI \J^LûU ûl Lo^jSuOsJ \J £3*0^3 Ô^LoJI ! CLuiOjS dJj\Jj <jdUlSljO v_sOLoJ\JI Vj^bjjLflJI /)1900 CJJljuJ 

. 03 lJaJI <jloS ^JNjCXjuUÜ ^JL^LQJuO oLuoSj \J{ 
ûl J3JÜ t ciJL^^ûjuo3 Loul 9 \JJ _X>b ûl I^jSuoj \J v_snj3-^ ^Lsz-juj^ ô^LoJI qju E ech cJ^LûoJI ctsüaJI 

. ôloSuo cJ^LuüoJI ciSÜaJI ôJufc 

3 QuûuOukS yjjj IgJîSlIo jjSù l^Luuü ôji> < 3 jio <jjo cJ^LuüoJI ciSÜûJI ül 9 t cislbJI JôLâ^ül fjuuo ^jljuul>3 

. A E = E 2 - E l ol sSl E 2 

Ù3J3ÂJI — 1 

dJb\b <jjaSlo ^LiLjujüJ j3_b 

■ OÜ3J3ÂJÜ ^jvjOs-juuü ^jls^ IgJLoJ^J cülûi ^L 9 UoJI 0L0S ûl olub v±JUi>3 1 ciSÜoJI 0L0S JS_juu ^jOLc 

T O3J3ÀJI 3^ Lo 

. c = 3 , 00 . 10 8 m/ s : $3^x11 clc^juju £j>àJI ov 9 « cu3j^jJuuo « <iJLS IgJ OljuulJ qJu 3 $ O3J3ÀJI 
. OÜ3J3S qjo A £,l>àJI v_sv 3 lg-^>3J0 J3-b3 1 V Id^jJ à^juj.j^xJsiojÿS cu>3jo Ü3SJU 

c 

. E = /z.v = h — : Û3J3S JS c^slb 

. J v Û3J3ÔJI cislb E 3 (^*s) db\L cLub /z 3 /72 jjuoJI v_y cü>3joJI J3J0 /I 3 Hz ^J>3X>JI V 
kV = 1 , 60.10 19 / : .LJ33 _ û 3 ^ 5 J\JI LJLc Jjo^üuuü O3J3ÀJI cislb 

\ (JVÀaJsü ^JJjJOJ 

<^ûJoJ ^>joj>\JI ^Uz-aJuMj û$jSlo û$j$S Q 3 \b t kJ $S 03 ^^ 53^10 /jj t J3<Jb 
db\b cuûb 3 c = 3 , 00 . 10 8 m/ 5 1 ! gJjjUI 53 -iaJI cLCjuuj ! v_sJcisj . 657 ZZZ 71 LS3 Luuu 

/z = 6 , 626 . 10 _34 /.s 



E = /z.v = — : v_s^ O3J3ÀJI ctslb : vl^^l 

£ = 6,626-10 3 X 9 3-1 ° 8 = 3 , 03 . 10 “ 19 / : J^U oy^âJI ^Lb 
656 . 10“ 9 

E = 1 , 89 ^V ! v O3J3ÀJI cisllo vbuuc> 

>£>3 j oLc3 ^>3 jd _ 2 

JbfcxJI v_sv 5 < jj«j>3jJ u^jI ôjjJ v^jLkJ cl^I^jJI 

LulS^X) LcLs2-jujJ L^JuO JS ^39^ CU3JL0 ol jz> ÔJlC QjO 03^0 Qj\ v_SVJ>oJI 

: v_sJbJS 3^ lgjL>3jo J3_b oljj> %jj\ fjjQ O3SL1U 31^3 t Ü3JJI sS^L>l 
. Â 4 = 651 nm 3 A$ = 481 nm sA 2 = 435 zzm 3^=41 lnm 

^j^3j jjjuJjù v-S'SjLoJjJI v_svjbjjLflJI /JUdl g*io3 ô^UdJI ôJlû* ^juuLâjJ 

; <^jooujI Jjos^j 0IC3O3JO 
. ôLosSjo oljj^àü ôjjJ ci 3 ÜoJI oljj^i * 
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* 

Ji*l E n v_S^Uo lS^jljuuuo ^sJJ E p v_sv 5 Uo «^S^jüuuuo <jjo ôjjJI Jüjuu LoJu^C V ÙSSjj O $j$S v1»UluI /yJü * 

E p~ E n =hV '■ 

■ ÀàlhJI v U^Juuüüo <Ua 5 j — III 
<j\jjJ\ kS^B 4 £lhJI 0U5JÙUUU& <*jlo£j — 1 

ôjjJI cislb V_sv 9 gS^xxJI I_)lû> Jjuoûu é ^juOsiJU ôJuJl^JI ^,LSL 9 \JI3 vljujLüu jSù^j lSjJI gS^jOuJI 

J 5 ùl lSÎ . 43 lhJI OÜjjuuüuo ^JVjO^juUÜ Ô^JL^joJ^ ^Ü^LQjuoJI /Xj-ûJI {jÀ&J JL>b \J lSÎ ô!jOs 5 uO 

3 2 3 1 ^ljtc\JI _L>b sSjJl3 t iSNd&SJI iJLaJli ^svjOouuu fl SAszj lû>jjuoJ3 cu^0 OS lb cigj v_s^Lb w53ùuuuo 

. 3 

^ 3 ji-juUUoJ I ^JVjOs-juUU /î = 1 »^_SVJCxSLI I ^_XsdJ CLjLJUüjJb ^L 9 LLxJ I iS^jljulLO — 

ô^ü^juüjoJI cJbdl ) | qjâlbJI 13 < 33 ^juuuoJI ^39^ 3-^3 <^s\_*jjLuu\)I 

(MU 

ùj LîuoJI oU3jLjuuuoJI <39^ fl > 1 v_svjo^JI SJszi I ol 3 ^L 9 UoJI ob3jUuuuo _ 

7 ?^ = 0 cL 9 ÜoJI ,39^ fl — 00 «^.s'.xxSJI .^Asdl 3^ v_$v 9 lbJI uS3ji-juuuoJI _ 

Ü3SU ùl <^jJ>£jLjulU £\LIo j Z)\JI l-Ld) ù| . 0I3JU JojÜ^jO >S^ 03^^53^! <ÔjJ> 

. clJLjuü P 3 lb cUSÜoJI ob3jLjuLjuoJI J 5 J 

- Lh^Bj ^Jl OdlhJI oü^Juuuuo Jo-b^uo 

^_sv-â^ ôjjJ cLljuüLjuüYII <Ub*JI CjuIS l 3 [ c v_S^>jb> vl>bjJol sSÎ vb-C v_S ^9 

. cdbdl ôJlû^ V_sv 9 «.>£-3 ôjjJI 0L9 t qJjuJI lpjJl> 

c L^juj Ljuj\J I LpjJb> qjo J-QJJy L^jL 9 t c L*J>jb> ^l 9 lb Ôj 3 ^jljuüüSu LoJulC 

<j 5 J i ô^flji-juuuo jjj-C ^jJLâJI ^3 03^3 ^_svJîJ I3 ÔjÜuoJI o\Jb*JI «jüj 
dJU 33 t JiH v_sv 9 lb l_S3^juuuo ol 3 Lpj\JL> ^i\ ^3S2j Lo üIc^ajj 

. ôlos^uo ü$ 5 j ci 3 lb üIjlslôj 

lS^Juuuuo üb 3I ( àj\j\ ) jjS %s 3 \Jo iS^Juuuuo üb vSjjr ^jJj cül^ ^jjo j^jjoJI 3^ JUlü^II 

( o^UDI ùIjlaS) J 3 l s^vSlb 

■ (JVÂaJsü iJJjJOJ 

! ^Jupr3JJ^spJI ôjjJ cL 9 lbJI ob3Ji_juuuo JaJaiïjo JbxajLjuüb 

1 

. c La^uüLuj\J I 

S" Q^JlJLiÜuO QuU CL 9 ÜcJ c La-SuCXjO QjOul 9 v_S^JÎi 3 o _ 2 

: vl^JI 
-1 

E a -E x = - 0,85 - (- 13 , 6 ) = 12 , 75 eV 

ôjLuoJI cJbJl3 ^jjjLaju^I cJbJI Lcxjî) Lo^Jos^ fjs: jii£> I ûIas^jJ O LUI üLlJLüuoJI üUbJI _ 2 

: ^1 

E 2 -E x = ! 0 , 2 eV 

oUjjJïJI vS^B ciSlhJI OÜ^Jüuüuo OjmSj — 2 

52 .JUJ 3 J3 c( 3 LLJI ob3ji-juuuo ^JlC qjo >i 53 Lcxjo c v,>bb olj 3 <jjo oUjJJ%JI ü$Suu 
Lpjlj3Ju3 £ ciJLSJI j^>o Ü3^> oljljjLû^b3 £ ob3jJi£L)\Jb ^3!^^ v_s^3 « Licul ôLos 53 o 

. CS3JI ^ 5\3 09 lhJI OÜ^Juuuuo QjüoSj — 3 
ol £ dJUj^ ôLosSuo 0I3JI os Lb o| 
cisLIoJI clJLc cu^bo clûj 3^ gjo l^jolAia^l J stiu j\jJ ùl 0I3JJU ijZjzj Lcx 5 . LpjLuuüSb 3I OS Lb ûIjloàj v^JJi>3 

. ôbxSuo ci 3 lbJI ob3jLjuuuo ^jvJLc V-S3JJI3 oljjJI jB^Jj 
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^jJJ E p v_s^Lb « 3 ^ 1 juljuo { jjq JjiiJu Lgjls t v_sOjb*JI Jq-juj^JI £x> cislb oLc^jo^joJI ôJlû> J^Lüu LoJuoC 

. jjjaSLsdl 3I E n v_sv 3 Lb iS$Jljullo 

E p > E n ol Cju^u A E - E p -E n : àsMc. L^oA^j ctbLoJI qsLbJI ôâ^ 

. ôLb^JI <^JLe. oübuJaJ _ VI 
^9*0 viukü vJujsü 

CL>3joJI J^-bj IgJuO Ls2_aJuI JS jju0sJû3 £ £ 3^1 IjLûi LgJuO Ü3SLJ v_S^JI olcU2-xJj\JI £3 jOJ*jO 53^ Ox-b O'JOs^jUÜ 

. £j>Ji 

OljJJI ôlibl — 1 


Spectre d’absorption du sodium 



Spectre d’émission du sodium 



http://www.unice.fr/lasi/pagesperso 

/golebiowski/cours.htm 

oljjJI ül Jà>\lj3 ôjjJ OlaO\JI olj^- t.Q.»Jr>3 ^LgüjoVI olj^> >_&Jo ô\Lcl JjuoJ 

. oUo\JI olgol3j0 ( jjulqJ Jjüü ctoJLbjoJI 

jSLxju ^jvJLc L^JlSLü cisLb JiLâj Lgjl 9 Jsl E n cisLb lSS jZ>\ E p v_s^Lb kS£L>ullo <jjo ôj.i> Jüjuu LoJOC 

A E = E p — E n = hv ül Ouc*j £ V ùssjj gls-jujJ 
. Lcx^o v ^jjJ\ ois LoJS U-S A E J>JI olS LoJS * 

OjJo i c^LbJI olj3jüjuuo cU^juuoJI oIcIsjjuYII ob^jJ * 

^9l3J ( cIj>3joJI J3J0 cu^b^l ) Ü3JJI cu^L>l ôjj> JS £ lSj_\JI Olaxj\JI 

. «SlkU Q-*J3-üuUU0 0+^ toi 

Üx^xJ Ô^jL>\JI ÔJLÛ^ . ôjjJI <\SLfU;]oü \JJ ôjjJ ^LbJI ol^jüuUUO \J * 
üx.b üj i LojI Lg^Lzlôol ^jvic Ü3SJ 00JI3 LûijjuoJ oLcUlxJjJ 

. c(3LbJI 0 L 3 X-JUUUO üLuj SUS ^_s3 cüLxju ôjjJI jjuOJ ôjjJ oUlJ\JI 

£ V £,I>ûJI ^s 3 cl>3joJI J3-b lS^L>I 53^ à^uuj\^j o[p ôcLo| J0LC3 
gjo(n < p) Z?p t^SLb kS3ji-JuUU0 0^1 E n Lb ^3 x-juüj0 <JjO ôjjJI JsüJJ 
























R 


hv = E p — E n CjûIS N el^uoVI 

hv CjjIS N 

V Lcls_juj| {jÆudàj 1^19 jjSI £^p v_s^Uo ^ 3 *- jul * j ® L_sdj E n v_s^U^ ^ 3 -**- jul ^ ch® Jüjuu LoJllc 

■ A E -E p -E n -hv oî Cju^cj 

OIuub Puuj I jà \ JdLJuü J Lüo 

! Ôjyzü 

. <J*L-Llo cib-jujl^j cujul^o qSjoj s5jJI3 . ^uL> 3 jJu^JI ôjjJ OUixj^l v_ûj-b Ü 3 SJ lSjJI <3Jjo C^C^S 

: k»\ Jj 

. ^Lüijo — 

: cuJUI £^,\J| Igjcx&l cUÂj-b oljJ> ^jvlc lS 31 ^j _ 
vjOt juULQjU 411nm v^sJLj 43572m 3jjl 487 72 m >o^>l 651 nm 




Comparaison des spectres d'émission et d'absorption de l'hydrogène 

www2.ac-lyon.fr/lyc69/herriot/SPC/2nde/cours/PHYSIQUE/chapP4.pdf 
ôjjJ CjLs2jü\JI ^ûjJoJ cl>3joJI JI3J0I ch° 33 \Lc £>^l p 1908 clljuu 

cl>3joJI Jl3_bl 33 \lsdl ôJlû> l^J>i3 < >o^>\)l CjS*j$ 1 ^_s< 2 cjujJûjJ I ^333 t v_sU>oJI o\JL*joJI v_s^ 

: s^3 /? > 72 3 ■■■ 72 = 33 ! 22 = 23 ! 22 = 1 CjuL> P 3 22 CH ^-^2 A 


7?^ =1,09737320.10 222 ! Rhydberg cJ^jujuj cloü 7?^ o! Cl KjpeJ 


J_ 


= Æ t 


1 1 


( 1 ) 


'n/7 V" r J 

. /? ^JlSlII jJuStLf dJi>3 ol^JI QJO <Ü-juuJLuUÜuO ,j5uoj 22 ^JlslI CUu^O CUXj3 ,jjo l 3 \LLül 

cUulSjo 3j0u3 àjj> JS ^ 3 ^ 4jJ^>jo oljJ> cL> 3 joJI JI3J0I v_$JciS2J3 22 = 2 ,33^ jjuoJU ^U-juaJLuULjijo _ 

. p ^Asd 

P >3 3 22 = 3 CLljuUlJU Ig-JLc JuZi^lj QuljJjU <CLjuJlLjuJÜuO _ 

P ^ 1 3 22 = 1 2>JlsJU CLa-juOjJIj c Cslc Jj^L^J OLoJ ^CLjuüJLjuUÜuO 

/? > 4 3 22 = 4 ^AsdJ cCljuulJIj Lp-J-C JuZi^j CjuSIjj ^U^uoljuajuo _ 

1913 CIjljuJ v_S^3 

13,6 


<^jS>£jo ^JlC 22 CjuL> i E =■ 


{eV ) : v_sv-q> os lb 03 S J-^ 3 j 


\JI Â>b\j 


ôloSuO QujJ>3j_Li^JI Q3 lb ûl lÂÜ <JjO ^^il 


v_5^uuu<jJI i^svjOsSJI ^_Xsdl ^jvjOouüu 
. 22 ^Asdl LûijjuOsJ t ÙSA^tJQ Li 0 ul 9 




























Ojls /XJ £ jjjoJU ^Ü^uuJ^uULiüoJ CLUjjoJI oljjJU CL>^joJ I JI 3 J 0 I vLjuUC*j(l) ^9 ^-sJI QSZjÆ <JjO iJ^ÔSZJ _ 1 


. CLQjU^JI üliiao gjo ClJLzi^JoJI /XjlÜJI 
. J^jjl CLqJLuJI 0\LjuüJLuüüÜoJ §Jj^l oljJ^JU V np ol^^jjJI ^jljuUL>I _ I _ 2 

ô^p* J5u UjÜj 03 £ i^jvüsl J cl>j àjj> \Lucxjo £ ol^VpJU v_s^j»jIj ^jOLc V ol^^jjJI /xj9 JjüI _ v 

. o^l^oJI P 3 n 


lcm <-> 2.10 14 //z /)JLuJI Jjo^Ijuuu 

cU9ÜoJI o\J^LûJI v_SvjJI — i? w ) 39LLJI oljjyâJ ul9 £ ôLcxSuo ôjjJI c(3Üo Oul^ li>J cül <jjj _ I _ 3 

. Lcul ôLcxSuo olj^âj v_sv^ v_sorjbJI -h-juu^JI gjo 

. [E p — E n ^ v_3^>-âJI <*_jLuüJ> <JjO jJ^uCXJ v_S^jJI CjuüI _ <*_J 


: oÜJjpdl ôtubl — 2 

£Is2_aJu\J clJ^zJI ôJuJjJI vluc> £ ^pLxôo^l o\Jb*uo { jjq^ olp> <jjo ciU^pd ^pLxôo^l ûgSju 

. ^püjouoJI ^UlaJjVI ^-V>j cü^Iüjo 3jcx 9 ^39l_9J vÎjuC> « ôb*9 ^pLüouo 

LJ Le JL> 3 J i^LzxjuoYU o\Jb*jo ûl vjOLc Jju Lojo £ cüujjj cLljuijuJIj 10 n Hz i^püjouo £Is 2 _juj| j_X 9 

oli> oLûiSuo JLcxsü-jujIj LpJLptiJuuü v_svâjuu /xj 0^9 £ SJ>° >P- v_Sv-£9 S 5 JLJU 3 £ ^joe>\JI Cjl^j Jb%joJI v_S^9 

. oLcUlaJüVI ÔÂ 3 J ^jujLuUL^ 

ÿX oLo3ls2X) /)JlfiJ £ CUjjjJI ÔJlû> ^jdc ,JjO ,jSuCXJ ^><J JJbfcj ûj 

. cQj^pJI Lg-JLc LS3i^J v_svJI -tul3>JI 0*^9 clc3jopïjoJI 

l (JVÂaJsü ^JJjJOJ 

^sJLe <JjO <J^uOJ àuLjuüu^ûSLOjÿS oIcUlaJuJ ôjjjOooJI olc^opuoJI yjÆuo CXJ CU^Josdl sLjOu^JI v_S^9 


: L^juo cjjuol v_sJLJI J3JCJI v_sv 9 /> jlûJ £ g — — [cm 1 j cl> 3 xJI sasli oLz)Lziôo\JI ôjlû^/jjoju £ oLü^pJI 

A v 


c = c 

0 — H 

c = 0 

ôjjuOuoJI CLC3 jCXJ^oJI 

1650 

3350 

1700 

<j = —(cm -1 ) 
Â y ’ 


. Ô/jjjQjoJI 0LC3JOPU0JI ^ 3 jio { JJO CLZliuOooJI oLcLs2-juj\JI 0I9U0 (^ 1 ^) ÔJ03JU ^-jljuUoI _ 1 
cUj/j^JI 39Lb ^pLzijuo^l ^3^3 J\b> qjo gOJüüuuü lixLo _ 2 

. QuûLü^pJI ôj3^JuuuoJI 'Jlæû Qslk*&}\ JLi3jLu\JI u ploj>3 Ü3I _ 2 _ ûb3JI cOjjjJI >s^ _ 3 

. CLÛ9I3J0JI àjjjssc]\ QukJLJI qjAJûJI qjo Jij OjS\ 





2500 2000 

Uauenumbers 


3000 
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1S5JI ôtubl — 3 

v_s^is_juuj CjùLûj cl^jLJI LS3JI i v_sv^Uljuj\JI JoLujuJI v_sv-âS t ôlosSuo LojI v_s^ 0I3JI 33 lb 
jjuoJ ( Y .bLijuJI Q+£\sljÀj\ ) cuJLc qslb oIS ob^j^S Ol^ul cll>Lzij LS3JI ôj-pj ôjb\JI oIaüS . ôjbuo 

. eue LJ I I 

. (MeV) JaJ^s _ Ü3^j^JlàjuC)JI 0I3JJI v_s ^3 ^L 9 UcJI ol^xàü jAS clJj 

: sS^juJoü \Jjj-oj 


%\sLjjj$ ûjjjoS lSjIjuo v-S^bz^ijJ c Uq-juü3juoJI /xjüJI /jJlüj ( 1 ) J3Jl^JI : ,jjJ3_)l> ctubr v-S'-baj 

. ^LuOuiJI J^)\jszi\ ,JjO CLC3jOJ^joJ CUjjJI olcbijjJI (2) J3_X>JI v_SV-tiS2J3 ■ >OsüJI jljuo 

(1) Js^JI 


{jifïl} V jljuojl £Is 2 juJ 

1 jL&9l 

6 , 0 . 10 2 

Huble 

8,3.10 2 

spot5 5 o$j_uj 

3,83.10 5 

La lune jjoJüI 


(2) J 3 j^JI 


U 

Fe 

H 

V SVJ bjOulSJ 1 JuuOjlsJI 

175 

140 

25 

(pm) sSjjJI £l^àJI 


(1) J3_)L^JI CLC3J0^J0 CLjuüIj^ _ 1 


1-1 

. cÜjO^ljuUUoJ I 
2_1 


ÙjjÜSU lS jJI ùj IJuO ^ls2_jûj V cJ\Jju i_S\-CLlo^\JI jjCXûJI jQjÆS jS^>jO ^LCj^juJ 0 V jjuSU ^ÜÜÛLjujI 3 _ 1 

■ L^jb 


‘ E PP =- 


mM T 


: 3_oi m cLLSJI lSS v_sv^bJcLZ5 \JI jjcxüJU ^JUiJI g^3JI cüLb ûl J^iü 4—1 


. v-s^cLJa^SJI ^joJjJI jIjuo r 3 v_s03SJI v-^b^JI cLûb G3 < M r 

r cJ\Jju cLL^I3^jo cJb E m Jjfc . v_s^bJcLZ5\JI jjoüJU E m ^«^buuoJI q 3 lhJI j+jsü as>$\ 

. (1) J3_)L>JI V_sv9 Ô^I^J I /)LjUL>\JI <JjO JS jl-XX> ^Is-aJü j_V3 àujj jjuoJb JclcI 5—1 
jJXqJ I jljuO ^\sLjÜJ jA 3 4 jUj ^jO CÜjLûjoJJ ûLJjL 9 QuuLChJgL^\JI jJJjJOsjJI lSjIJuO v^SV^IsZ-juJ j _\3 Luüj J_d> 

(2) J3AJJI cLC3jCXJ^jO cLajüIj^ _ 2 

8 £/ 3 2 5 8 6 ^ 3 1 { H oljjJI -b^î 1 - 2 


238r 

92 ^ 


T Lpoj Loul 9 cü^UjoJÜ cdbls qjl^ jJlüJI vüj Jj 3 > . JU sS^jJI ^UlaîJI jAS clüj 2>_l> 2 _ 2 
vSjjJI ^Lsz^ujJI < jjuLQj LpJ v_svjL u0ykSJI jüZ*jlsl)I (jjulqj oljS IsLoJ ^>_juü 3 3 — 2 
_ 0I3J } àjjjJl clC3joj^xxJI 3 cLp_> <jjo { cucLJclzjI jloS\ _ } 1 oLc3jo^joJI quu cJjLojoJI jjüsù Jj 3 ^ 

uÆthzû üuUÜ Lo <lC3 > jjjU0 qJbLojO c bûb c Lp_> < JJO {oü 3> iU! 





















R 


a E(eV) 


-0.37 

-0,54 

-0,85 


1,51 


- 3,39 


- 13 r 6 — 


f E(eV) 


0 


- 0.85 

- 1.38 

- 1.52 

- 1.94 


- 3.03 


- 5.14 


dLjlSyü03 OjjJ\ 


c = 3,00.10 8 m/s 3 h = 6,62A0~ 34 J.s 3 leV = 1,60.1(T 19 C 

6 - 

75 1 

— (/I = 00 ) ^IkJI « 33 IJUUU 0 JI . QujJ> 3 jJu^JI ôjjj ClSÜaJI JoJo^jO <4jüL> v_SV-t^S 2 j 

3 . cLoJlSjuo 03 Uclj lc>\LbLZ>l cLziiÜ 3 t ôjjJI ,jjb cJb* ^ 3 ^ 3 J 

ob>l^>jL9\JI ^jJLc Uq3*' 3 I Q-jpt*£u ■ Sh^LjuüYII cJb*JI fl — 1 ^S 3 jLjuljuoJI 

. dJLI^ \ldsio . qJUI 

2 ôjjJ ÔjLuo oSJU* fl — 6 ^_5nJI fl— 2 <jjo oIS cL9ÜoJI oU3ji-juuuo _ 1 

. I j IjJLjLjuü I 3 _û> < 4 jO_)lS2juO CL9Üo 3 ^ ^ 3 -*- julJU0 ^ I 2 

! Ô^J 1^19 fl — 2 lS 3 -OjüuoJI ^JJ fl — 3 l33-OjuuoJ I qjo ôjjJI JjjJUu LoJulC_ 3 

. LjjjO LcLsLjuü| 

O^AjuUUoJI (JJà JüJüu LoJlLC v_SO*ijuULÔjuJ I v3f^ Jb'fcJoJU v_S^ 0 uuU Ids-juüj ôjjJI Ol 2 jJ _ 4 

fl — 3 O 3 O 0 UU 0 JI ^jJJ /7 = 1 

. 3,39eV Ol 3Ud Ü 3 J 33 ^^lûoJ ol cLhujLujSJI LgjJb> v_sv9 -^> 3 J ô^jJ — 5 


2 iJjjjoj 

. ô\bcl QuL>3jJu^JI ôjjJ ctslbJI JoJoS*jo Jjo^^Ojul; 
lg-JL> 0^9 JC>3J v_SOJI \JjS> 5 jXk$ 3 \ ôjjJ L^üjuO OvâxJu ooll ClSlIoJI vljuuoI _ 1 

. QjLu t^SsSü COjuüLjuü \J 

jS>\ ^_5vJI v_sv 3 lb kS$±jujjq ,jjo JLüjul J\L> vÔ^juuo ^Is-aJjSJ £,I>âJI v_sv 9 cL>3joJI J3-b _ 2 

. Q^3jljuüjoJI <JjSld> ^JL> . 661 flffl LS3LuUU 

3 tjj>oJ 

! /)3J^3jzJI ôjjJ ClSlbJI oU3jljuüjoJ Ouû\s> C^LbJI JoJoSïjO JjuOsJ 

J3-b ôjj> Jl>I3j v-S^-ûjl^ 5 cU-^° CH 0 ^SsxJuoJI s^JoJI J-JbïJ oh 4 

. 589 nm 

. ^LsljJjSJI Iâ^J cLqjÜojoJI O3J3ÀJI P 3 lb — 1 

. vô»L s2-0\JI Ijl^J ^jUojoJI JIqjü\JI _ 2 

4 vJjJü 

13 6 

.^AC /I CSuL> ôjjJ ClSÜoJI oI^OjUUO {ëV ) V E n = - - — C( 3 \lsdl 

fl 


. /I > 1 ^^>3^3 

OjLJI cJb>3 ôjbuoJI vjJ3\JI ô\LJI ü\JbJl3 ^j^Luu\JI cJbJI yjsx JÜ ^JijLbLoJI c^LbJI 1 _ 1 _ 1 

. c^LkJJ ixLiïjo vjOLc 0U3OUUU0JI ô_Lûi Jjuo 2 _ 1 
3 12,8^y 3 10,2^y IgJiSlb OÜ3J33 ^/xôoJ ûl c Ijh uJ Lajj\JI v_s ^3 < jupr3jJu^JI ô^S /> I ^uu _ 2 

. 5,2eV LpA 9 lt> O3J39 ^LaôoI IpASuoj \J 
: ^Lojuo\JI cJL> v_svS — 3 
. ^k^oJI ^ cuSuoooJI o\JLaju\JI Jôo 1 _ 3 
. 10,2^y ciàlkJI oIS ob3J3ÀJU JojJjjoJI ^IsljujSJI ^L>3jo J3J03 ^-jljuuoI 2 _ 3 

. oJqJI ^jJLc ^UljJjSJI Ijlq^ §03^ 3_3 

; Igjo^L^ü _\jlc < juc>3jju^JI ôjS ôjbj — 4 

T 5 ^y c^^JI cusUo o 3j ^J\ 1 _ 4 
. 12 eV OuSjsdl cu 9 lb Û3jJiSJ( 2 _ 4 
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SvjUxyJSI 1 % jJji £jJou uSVjJI w^ L müuJ 


kS^J IjMjSJ I ^JsUuÜL sluQyjJ üJbuO — I 

cLuoysSül O Jbuo — 1 
OJLaaJI sLuO^SJI- 

! Quk_Ci lo9 I <*_Qju£Ü 3 C LÔ_ 1S Jj U3 ô j-*-aS O LutxSu CLu LuOokS i CLCLuuO 

oUjjj> c Luo cLuc> J 3> uJI kJzLjjjSI) cLucxaSJI ôjlû^ Oj 3 loi : <v^OLgJl gLuou^Süi 

^.juuuQJ Jcl*-juü3^ JjOJ^iLjuUU ^_SvjJI 3 ■■■ 2-J' ■ OjJuJIj) OLiü\J 4 OljuuCX I ^JjuO ^jjuLjuü\J1 

....gj! cucL^JI <JU\JI 3 cu^uûLj^ I ^I 3 joJI^ qjqj&sz }I oLz> 3 jüuoJ 1 
iILjujjlSJI u ^xxys> Jjuo t c L^jujLuj\JI cLùA^joJI oLSjjoJI gL* jU /xipj ! ^a/AAûJ! gLuOoiül 
.... ôJ! C2H5OH J^LüVs Cl 2 j3 KJI usOLô- 3 NaOH l^l 3 NH 3 JLû^I 3 H 2 S 0 4 

qiu 9 jJI ç\jjxSJ\ — 

ciJl3juo <^LucxaS o\LcLûj ÔJlC ,J)jjJo <j*C ôJlûsx) oUjjJ> >y^ïijiJ cLûaSjJI cLuOoÜI /xjLgJ 

_ gjj ob>bsdl 3 CLulÂâJI 0IJ9JL0JI £ <=U 3 2>\JI 


OjjIqjoJI gLuOüiSJI 

LuO^lSJ I ^JjO^jLajUU 

_2-^1 ^ 3 L^JLII 3 ,^j>JI 3 clcLu^JI 3 

JoluOyjiül àJpMul — 2 
? o\Jb*joJI ôJl& «-âJLâjo i_s^S >_süLux> 5 JI Lpj jo^su i_svjJI ^-Iq-juuùXJI Lo 

VÀjuU 5JI3 Jy^LftJI _ j 

: J^àJI oLulûJ 

. <JulC 3 J Ju^LûJ v_snjLjcx5JI L^J ^O^ÛJ ùl <jijCXJ C IjJjCXC Jo_ajUU I PtJUUÜ jjJI 

<jjub*JI oLüjjlS J3Jbïjo ^jJI Iô3*£lII J3Jbïjo cisLol JlAC ! JLuo 
fid c L»Jj0v2J />3ÛJ i*_SVJ LjOulSJI p Q jJI IjlÛ J3*£Q^JU II jjüübtJI JuljuülS^j V a fl) ^3jjl 

. 'UÔjj-QJ^jJ I 

l_aJ JuO ULojzJLjuuIj 2 ^3*£L^J j v _5vJLc LpJuO 2 oLuü3.: ÔJlC J Là ! r* I jJEjljuU UI 

. v-S^Loül j-JoiijJlj 2ljji^A-juü\JI 3 

l5\3I>cqj1jdq>SJI .LJbgjJI 

àJsLtSj cüL^b ^^JLc St svSIjA: 3 jLo 3 j > 5 JI JuJb*JI 

C.C.MJ cluuw^lJI cljuüIijJI 

I wuÛQ^ji Jl qJb>uo 

.Lidl ^jJLc gJaJ 3 LLx> LpjJLc /xjuüjJ 3 CjuLJI j3_LJI Ù3SU (C.C .M) cl^siaJL^) <jjo cLaki 9 jc>b * 

lSjL^JI ^jjJ3jcx : JLJI ,jjo ùj^S Lû^jI3^j 3 IpJLJbiJ ôIjjoJI l >j î J3j0o ! JU I OujJI <jjo 6j^3 

. vil jj^ijucxJ I j3^JI clC3jcx^ixxJI ôÂdi 

J 3 o l wi^nS 3 l^ A xiiJI \JjuO U_UJuO ^jjO qJLlS 2^3 ^jjüIS JoL ^ 

. u-aj JuoJ I JjLuJI v_svS ôj3xxâx) ô^JoiLlI Ù35L CjuC^j v-S^ujIj &^3 

* 

^_5Jlc\JI 3^J ob3Suo jJ>L^j 3 

L> ,JJ0 cUjJlo ^^JLc uju JuoJI Cl^-pr J^ü LoJülC jjjüI^JI jJjO £jS*û * 

c C c 

. <^5\Xc\JI 3^J jjlSI jJ>Ld> J^^oJI ^>3loiI ^_s >3 cujlj 3 i jjS\ vPjLjcxaSJI £,3jJI ûl 5 LcxI 5 
























R 


I hSvSI ^QjIjOQ £ 1 \ ^Q-juoSJI cdb> uO 

j+£. JoJbJJ cU^SLxxJI cluLcx^JI £j£j\u clûSI^joJI güJI lsJ Ll ^jo jL^Jol (jj0 <jixxj qJL>jjoJI ÔJoî) 

dJUi>3 . /)Ij^3jLo3j^JIj ^_5vjcxjuuu3 S 5 ^Ij^ 3 jLo 3 j.SJI JjJb^JI /xjuuj ^jvJLc CjuC^j <=U^JLxxJI 

! cuJUI oLjLajJI t_sjo| JLxxsiiLjuüU 
/)3j^uub3-JI oLâJuOjj J3I2UO c Ücuuj\^j jlgJô\JI_ 

CjUJ OÜ3Su0 <J^C <*_Ô_juo£JU ClixXSijLJuJÜ lSjJI 3^3 ^3*JI v_SNjbj j\àcJ Clla-JuU^ jlgJô\JI _ 

. <^5vjoljjâJI 

■ Q-jJZZljuJ^SL*~k Jl (3.93 ^Us2_«Ju\JI _,Lpii>\JI _ 

>ol i^QjLoQ viÜI J\lg^juül ^LlQ-kS 

<U0jcJI «UjuuuJI 

: jIjlsLoJI |^_SVJ LuOolS p Q jJ I ^jljuüjJ I ^.SVJCXjuUÜ 

R f = — 
f H 

v^Lucxa^JI £,3jJI <*- 9 >b <jjo clc3-LûjoJI cisLuuuoJI : h 
jjjULÔj J\L> 'v— aJ JuoJ ' v 3 jJo <jjo CLC3 IoqxxJI cûLuüuoJI ! H 

cLuuojJI ÔJucxJI 

£3jJ cla^-oJI <^juuuJI ^uxaS CjûIS LoJS ! ollà^>\Lo 

^ v_sv 9 ^Lub*)-^ jj^I LuOolSJ I p Q jJ I ol^ ÙjjuS ^S^buOuL^ 

■ ^JjOs^jljuULoJI ^jUJuoJ! 

i <Jj\Lbü\JI J oc> <jjo glûjj\JI jjjulûJ ^jvJLc güj OJc>3 li>l 

. £3jJI jjjULÔJ ^3^bu Igjlà 

PjuUjJLftJI ij^Iq^JI CÜSUujIqj VÂjuülSJI 

£33 CU3& ijjo ■ c ^3-û^ <Ülbu JijuLjÜ3 ôjjjoJ cLub^Aà oLu^>L> v^sOLox-»^ £33 <JSJ 

£ £ 

£L93 jJ 2 jO <^LuCXaS CbjljjuLÀJI oL^bJI gX> CLuljJukÀJI CüLu^L^ CÜjLûjO ^jJI Lz^JLi v_sOLuOu^ 

Ù3JUI3 <=L9 ÜlSJI 3 ûLiàJI ôjljJ> Pj>P3 jL^ü\JI ôjljj> Pj>p J Là ctubj^ôJI ^13^1 QuU <JJ0 

... I ^LljuuljJI3 jLajulSu\JI JjoU^jo3 L3-LI3 

gJuygüJI . U 

<j£Ljuu /xd>LuüJ LpJLa^r Looo ôJuJl^JI olüjj^JI <jjo JjI& ^JlC gjJu^üj />3 üj bJl> cLxxaSJI 

... gJI qJ-LuzJI 3 <^LJl3 <L>\bôJlS o\JL*jo ôJlC j3_bü St sn s jju£ 

J3Jl93JuuoÎI > J I3 dij3JÜüVI JujJuI (jjo ls\LkuI pdrdC6td[D0l ^3^buk_juj \jjJ I gjuuuCL ! JÜuo 

para-aminophenol 

. 1 ; JÛj\J l QjJ^LjuüûÜI ^LajlQJ g-y^üJ CIjJLxxC JjO^jljuUU Lo LJLc 

analyse JjJb^JI - g 

^>C ^ô^JulSJI 3 cucLu^JI ob>3iJuoJl3 cuJlAâJI 2>I3 joJI 3 tLxxJ^ cl3^JI ô^3^> cu^Ijjo ^jjo JuJL^lJI 

... gJI ^ybljjo^JI 
! L^JuO oLulQJ ÔJlC JJ^JI JjCXSilLJuJU 
( ôJlcIs _ t JIjJl>I _ ôJuuo^l ) QjjS*loJ\ oljjlaxxJI 

( St svSI>^3jIj03j^JI I3 ciJL^>I3joJI julC oljjLaxxJI 

Recyclage ciiljyjjJI _ ^ 

cujb qjo CÜ3\JI ^>I3joJI ^Lôj3 ,jjo cUcLu^JI oL>3jüuoJI oLôJb^jOsj ^LL^JI O3JLJ b^LûJ 

. ^ÜjO^jLjuJUoJI 3 13-J0J I ^lLSLju üj j^SLojJI ^JjO ^UuZ)'! 
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■ O^JbJI jjJO jS>\ 33 ^J^L^biSl Ùj^jjÛO cU <^ 5 ^^\LJI ^I^jCxJI ^lLSLjuüj 

QjlQjüJI — ô 
JU> qjo <> _ 5v5Ljuaj JoLjuüu ^QjuJI 

: J üuo 

CuJL^JI ^LjuJL^'YU CUÜJJ QjO j^uüJ\ Ô^Lci ! CU C Ka- yJ I (LjOulSJI 

. oljJLôJI cuiâju fjjo OLj3_\JU ciLLûJI 2>3j\JIj v_sOljj^JI JuJbtjJI <jixxj ■ cLucxaSJI v_sv 9 

■ Luujü ijdcs CUA^JI L/U> (jJLc cLuxlSJI §95 . II 
■ IuU^ ^JLc çLukxaSJI ^$3 — 1 

<X 3 c*aJ\$ AdUsuJI vjv3 cLudülSJI _ I 

ÛJjujixszil ùjjLil v^svS cLjcxaSJI <=L 9\JJojl g/> Ijuu^ ciàLbûJU cu^bJI ^l^xJI OJl£_^j JlqJ 

! J Lut ^Juu^juü i^5\JLc ■ 

CU3^\JI v_sv9 cJlaàJI ^l^oJI _ 
( .... ôJI tJ )c*}\ oI_Xjuü 03 olj^uUL^JI olJ lujO ) CLpîlj^JI ^l^oJI _ 

olj^JôxxJI _ 
j3_baJI _ 

cLyJI ^13^3 JjlJI v 5\3 slüOoUI — u 

i>3â2>joJI cl3^JU ÔC3X0U0JI oljUoVI — 

clcLuzJI _ 
oIS3jJ^joJI _ 

cuiâJI kS£ gLuoujiJI - 2 

objJosdl _ 
oÜ3LoJI _ 

£ £ £ 

( J3-bl ôJuoJ L^jL^>L> tjJLc Iblà^JI qjo ëlxxsib\JI <jixxJ ) obLax) _ 

C C C £ 

ColaoJl3 oljjüJI 3 < jjj^^ua^3\JI v_snjLu' 3 UjuûiSLJI ^sJLc LS3ji^J \J l^jl <jjo J^ULI cuJlc\JI _ 

... 5JI cdLiLJI 
c UjuJI ^jJLc jsjlüOujiJI gL$3 _ 2 

J dUi>3 clLhJI Uj3>^ »^j I Jjo^c aüJ 
; JbuxxJI Ijlq} v_sv5 c Ux)LoJ^I <jjj <jjcx 9 £ g/xi^jcxJI 0U3J3I 

Vyj^aJU cLaJl^JI ôLuoJI Qszilszjo _ 
CUS LSjJI icuuj$}\ vl>3Jb />JlC ùLcxJaJ gJL^D joJI v_svS ci^JL^JüuuucxJI ôLuoJI cL^JU^jo _ 
^jJLc L^Jj3-ki> />JlC ùLxxJûJ jb^Jl3 I3 ol^ptJI ôLuo JjJbiJ _ 
ujuL^JI ôjj^lb qjo JCJI3 lS 3^JI «Jï\lâJI C^Jb CUJJÜJI3 cUSIjjoJU ï\$$J\ JuJbti _ 

joLoyjiJI (jJLc ^jJsu uSVjJI OH3 L uJü J 1 — III 
Ju^u i_soJI 3 ^lS2 J>juüJI ÔJLjCXaSJI o\J3^lJI ^jJI CLOjLuüJI 0I3JLJUÜJI oljjjjjO V_sv3 ijj>bjJl /XJ JlsÜ 

Ju^ü ^3 clszj^juü L^aoex^r cjljuoJ o\J 3^JI ùl \J| i />jlûJI o\JxLslJI L^s 

cubrjlj dJUi>3 AjljuüJI J\Jj> QuJ\ i3>bijLJuü Lo Ijlû^3 I joAsüïï LoJb o\JxLôiJI 

! cuJLJI c ÜJ-juü\)I <> _5vJLc 

? \sujmj LoJb ü$£j OjJLuoaS <\£,$jx 2 cq \J$ 2 d . 

? LJLS LoJb OjJLüOy^ px^joc^jo J^ü . 

? <\jj Lu0ok5 Cl£3J0C*j0 J3J0Ü vJOÛO gLd^J vjiüOJ J*û> — 

? OjJLuoü!^ <=lc,3joajo (JvJüüjJI v^ooüoJI ujulSLc _ 
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T colojl u$\jLoy;iJI J vJLa S — 

dJU3 -^3 < o\J5^JI vÂsz J ( cü^3Jc«JI < siaJI ) cüLaJ^oJI jj^UaoJI culjuJI v-sv9 

o\J3^lJI i^SvS pSs>ÜJ Ol ^UqjljujI t L^jJLc ^jJLsjdl LjOulSJI ^ i lo a *. aJ I i*_Ûj kS iSjjljuü 

^UuZ)l <*_QjJ ïSjJljuU LcxS i LdijjuÜ ^JjO JCfcJU L^JLCj*juü {j/CuSL>J 3 1 0^0 gSjJU L^SJj^juüJ^ 

2l«u^)I uL*^ « <=L 9 ÜcJI tjJLc J3 ^c*JU o\J3^lJI vâsijJ v-sOLqJLJI ^^vj^juoJI j+jsü v^LxxjiJI ûISJoU 
. Lp-juULÔJ gül^jJI ^jJI cuJLaâj Ju^^jJU ALju o\lclôjuo JlxxajLjuul cülSuob 

■ . . UoIqwDI ülüyyjl ftjuu OJ% \ gLuOmSJI LWjJOJ 

£ £ £ £ £ 

^LuLuoukS 6^Lo qjo LjuüLjuüI ù$Suu . i^_svJI jjljuüI Jj^I ^jjo àjszuJj Eucalyptus jjju 3 jH^LS 3 ^ll 
ô^LojoJI ^IjjjcxxxJ IjJôj ôJjuuzJI clcL^JI Jjo^iljuüj Eucalyptol J 3 -*-s^LS 3 ^b ^^svjoouuu 

■ \LiuO £Jj}\S (JjULQjuJIj Q lo a, J jjoJ I < fc- ^>ljJo\U 

. AjuujLuJ^JI V-oJI ^IjJ^Juyjl — I 

jjj^uuuü . cLoJI <jjo 50 m ^3 Cjûlqjo ,jjü 3 ijuJl^ 3 \JI i 3 j 3 ch° 10 g Jj>jü 50 m^ ^jo ëdL>3> St s^ 
^/dj t ^j-aj JaJbJ! dljju3 . ^Ijo^U (J^j^uuüJI qJLcxc Lo^jüuuU qjj-jujlc ôjuoJ JoJL^JI 

. filtrat cl>Ljüj ^jJLc Ju^l^s cu^juJjJ 


<JjO c UjuüLjuü\JI CjUjJI gljJ^ljLAJü\J /Xj\Lo <^jU_XO L^JI ^Ûjuiaj3 < 3 jlP-a^üJI V3vï St^ c t>LjuüjJI 

.A lS3*£lC j3^>3 v-sOLo j3-b <jjj3_b ^jJLc Ju^^âS <jju3iAjJlS3\JI 

! v SvJljJI J3-J^J1 <^SvJq52J ^jljuüLüO ^jUJuO j[jJS> ^ 


J 3 JÜÜVI 

01 »ii^i ^3 JI^a a aaJ 1 


«^juJuoJI 

cLxxJI gjo 

cLoJI gp ^ 

cLxxJI £0 

cLoJI 2-0 ^ljJuo\JI 

|jc> ÛJlÇ> 

1 Jù> ÔJlPt 

CLûjlSLJO 

J 3 ^jlJIS 3 \JI CLJU 33 

0,81 

0,78 

0,87 

cüUUI 


JÙ^L 1 ^lJLojzJ 

Z 

cÜojljuJU CULuü Jocl 1 


du\^> JJLc T ^^jlÀ^üJI cçJLcxC v_sv9 /xj\LoJI <*_juJuoJI /Xjujl^JI 30} Lo _ 2 

3 

? «^juJuoJI <jjo u ^ 1 j>üJ\ pJj uLaS ? i-S3Jasdl j3-bJI Û3SJ1U li>Lo <jjo _ 4 

Acétate cTisoamvIe . UoIq v^)l otù^ujill slü^oj cuLdx - II 

c ce 

8m^ 3 C 5 H 12 0 dJLol 3>! | J3^S qjo 5 mi dJUi>3 Jjjol3jj\JI oLlh^^II ô^Lo g^Ju^ü 
dJLüüjjiSJI ^^ioo <jjo oljJa9 Joa JbJI jJl ^ûjuiaj3 qJL>3^> v_sv9 C 2 H 4 0 2 dJj3iLü\JI ^jàjso qjo 

Q^J^uULiJI ^LaJjOs-C U LcXS^a-juJ U c UulS20 ÔJuoJ JqjJL^JI QuC^LjuüJ JSL) ■ ^J-CLôjJ 1 QjuuJJ ^Jj^l QjO J^jjO 

c c c C 

JIjCXSilLjuüU lSjJ>I ÔjjO Ju^LÔj .H2O cIjoJI 3 C7H14O2 J^lsj^l oLl^juüI ^jJLc Ju^L^Ü ^ljüj\Jlj 
. v_svj loJ I j 3 -bJI ^3Jasdl j$hJ\ ^JIjcJI cIjoJI Qjo50m^ C13L0J Aszj v 3j^ô^üJI culo^c 

V cuJLcxsdl ô_Ld> J\b> «^.svj LoolSJ I J-cLôJl ^Ü^Lso ^jûlSI _ 1 

. dJbl3^> JJLc ? ëlszjuéuo p I QjSUj^ ô^Lo Jjj°l3J^I oLl^u^I — 2 

. l 5 \ 3 I>cqJLoq jaJI t UJbttJU kjuJj£J\ AjJLoc _ III 

JJbïJ jbtiU />3Üj A <=03 ^Jcls 2JI ô^loJI L^jJLc kS$Jj>j v-soJI ^LxxaSJI ^l3j\JI QSjSZjqJ 

J-a-Ü V oLôwAJÜ Î q ûi juUlSL^ 3 J^HH u> j 3 I QJO JcjJL> ^jU Juo^ 13 Lo 32 jLjuü U ^ÜLa 3 j Q Q a lo ^^jOLc <^5^3! J-&QJ l J 03,>C' 
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^sJLJI tjJLc ^æc*l>3 . 



v_sv9ljJi:5jlj03j^JI JJL^lJI cuLcxC J\L> CjuLJI J3-LJI3 j3JcJI _ 1 

. /xSj />lol V^jljuüL uoJI /Xjuü\JI g^03J /)I>C3 jIj03j^JI /xxxjI _ 4 

■ <t_jl3<*JI JJLc S* A 4 juLucxxSJI ô^LoJI cuJLc lS3-a-^*j LuLuo^aS Lc3j >0^_ 3 

. ^I3^JI JJLc ?\La 9 J^jol3j\JI oLuljuüI Ô^Lo g-AJU^Ü /XJ _ 4 

c C 

. AL^jJLc v_svjJI clJLo^I 3I £3jJI iJo _ 5 

2007_2006 IJ^JSjSZlO v&jS 
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■ JjüO j 9 jJUI ülüyyji ^Ij^iuyjl S sLuOmSJI ijJjJOJ 

^JVjOouüJ CLu LuOuiS Ô^lo QjO LjuüLjuüI L^SIj3^ 3C)^\.aJ 1 ^SxJljjLjuul Jjt^l QjO ÙjSZLjuJ E U Cci IY pt U S ' 

Eucalyptol 

. \LajO pj\s 

. ^JuyjLyJ^II ÜJjJI ^IjJÜjw/l — I 

ôjuoJ ixJLâJI . cLoJI jjjo 50m^3 Cjûlôjo Jjj3 ch 0 10g J->jû 50m^ <jjo <^JL> 3 ^> ^s3 

CL>Luüj ^SvJLc Ju^L^ÏIÂS /XJ < ^jjJ JoJLâJI ■ ^ljÜj\Jlj <JjC*juUüJI CLJjCXC J IxX^jLjuU U <JJj-juULC 

. filtrat 

c c £ 

<jjU3jL^ ; Lj>3\j| QjO P-a-juU LjuJ \iI OujJI ^ljCfcjLjuu\i />u\Lo V_jUJ uO 1 _£ju : '^Q^uQJ3 4 I kS3 c IJ>LjuJ JI S-^u 

.A l 53 ^û_c j3_b3 v-SvjLo j3-b <jjj3_b ^j\JLc Ju^c*â 9 

! v SsJL jLJS J 3 JL^JI v S\-bs 2 J ^jljuüLuO <«-jUJuO jLaJlT>V 


J^ÜüVI 

t ' J 1 » » I K 1 ^3 Ji^A ft AjJ 1 

ÜT^J^I 

v juJuoJI 

cLxxJI g/) Sj^OU 

cLxxJI g/) Sj^OU \J 

JjoJI gjo gjJLXXj\J 

cLxxJI g/) gljjuo\JI 

|jc> ÔJLpr 

|jc> ÔJLpr 

q ô. o.>> 

J 3 ^juJ 153 \JI cujlj3i> 

0,81 

0,78 

0,87 

qsUSJI 


Jûj\i U ^juC^-juuüL 1 cuJLcxsJ 

" Z ”””^ 

cÜOjljuUU CüLuü Jocl 1 


sïb\p> JJLc ? L q jLÀ^u Jl ClJLcxC V_sv5 /Xj\LoJI ^jUJuCxJI /XjuücJI 3 ^ Lo _ 2 


3 

? <ta_jüJ loJI <jjo /xaj ? lS^JoslII j3-bJI C^SJü liLo <jjo _ 4 

Acétate cTisoamvIe . LuoUvDI otùuuj^l 8jj*aJ OjJLox - II 

u^ux^ qjo 8irU? 3 C 5 H 12 0 dLijj°l3jjl J3^ 5 m^ JaJLâj JJUS3 Juuol3jj\JI otü-ju^l ô^Lo g-*Ju£ü 

c 2 h 4 o 2 4 ^uaji 

U cUxax) ÔjuoJ JoJbJI q^ijuüj Aszj . J^clôjJI 
aJLxxJI cLxJI <jjo 50 m^ <ÎSLo{ Jl^J ^lJLcxC JLxS£iljuuIj t_SjJ>l ÔJJO Ju^LQJ .H2O cLoJI 3 C7H14O2 J-U0I3JVI 

. v_svj LoJI j3-IoJI <j-C lS^JosJI j3-b.il 
? cuJLxxaJI ôJlû^ J\L> v^LxxaSJI J^làJI cJ^Is^jo K-jjSl — 1 
. db[3> JJLc ? ciaJu^bo />l cU^^juLb ô^Lo Jjuol3j\JI oLuljuuI Jjfc- 2 
. l5\3IvCQjIjOQ vgJI tUJbttJU vÂjyülSJI CjjJLoX — III 
cüL«ub ^^JLc St svSIj^:3jIjo3 > >c JJb*j jb*üb />3 _qJ A co^Josdl ô^loJI IpjJLc lS3a^j v_soJI AjjLxxaSJI l^j\JI QBjSioJ 
! ^sJLJI /)IJ-C3JL03J-S2JI ^sJLc J-a^ 7 ^jl 9 . Jjûü\iI OLui-JUÜI3 LJ I AiiJI QjO -bjJL> V^jüJuCxS^ lJLo^LjuJU ^ÜLaSj 

J\Jj> CjuUI j3-bJl3 viljC^ucxJI j3-bJI iA> _ 1 

St sv 9 I>C 3 jLo3j^JI JJL^lJI cuJLcxc 
/xjuj\JI S^03j />I>C3jIj03j^JI /xxxjI _ 4 

■ f* 3 j J^ ^ Lo I <*-JLJUÜ LuoJ I 

ô^LoJI OjJLc l 53 - 0 ^ LuLuo^aS LC3J /xS_ 3 

. v ly?JI Jj^ T A cluLxx^JI 

JjuoI 3j^iI oLuk-juul ô^Lo />j Jjfc _ 4 

. ^jI 3^JI JJLc < T\J-S 29 
v_sxjJI cluLcx^JI £,l3j\JI 3I £,3 jJI — 5 

. Al^-JLc 
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OJuJbuJ ü^l y^ JI 

aaSpdl JjoI^aJI 

■ JüuülSqjO / J jjXO üb^^jJpJU jjlSJÜ — I 
jJLSq Ag + f9g) ^siaJI oUqjI ^ tlcUüJI i ■ Uljj^l - ûjluulSI t| iglàJ ULud ■ 1 

■ Cil ijjüL^jJI 
: Omjj^c Jl OuujI^aJI 

Ag + (âQ) + /VOj (âCj) cLûoàJI oljju J^Jb« <jjo 5 ml tjvJLc t jLju>l v_-3-jl v_sv3 

. jjjüb^JI <jjo LûJûj HJLuü gy^oi 

S* <^Jjllô>\JjQ »_S\JÎ>Lo ■ /X£_juU u jiS />lol ^jljuüLuoJI j0^juü\JI gJo^J ^LuûJI ^puOjî _ 1 




? ollô^LoJI ÔJL& ^huJLÛJ _ 2 

. cLioôJI jis cül . jjjüL^JI dJULuü <jjo j^jcxâxxJI ^Sjis lS:> g r ^ 3 J j 30 _b 

: qJLJI qJ^U^xJI «^jljuUO CLjaôJI jis 
Ag + (aq) + le” = Ag(s) 

JuuaSb cL^jU v_s^ 3 II <jjjb*jJI ob^jl ^jJLc Jju Louo ijjjjI Li^J J^JbtxxJI Jc>b * 

! ÔJUI C^ImJI ^jljuUL> ^jjuL^jJI 

Cu(s) = Cu ++ (aq) + 2e“ 

■ (JjjLZ^loJI lSjJI v»SVJ LuOsjlSJ I p Q jJ I 3 -A-ajülS^joJ I <*_JL 2 ij lSÂJI kS^> LajCXxSÜ I p Q jJ I ^ JC> 3 

■ J^LàJl Ijlûü »^sv 3 clJL>IjüjoJI J uuul^jq/ UjA^-o ob>3-^j J °^l ^üuuLajüI 3 
b3jjî5JI i^jLJuuü^l <^353 Ag + (aq) cl^iûJI ù3jI ! 3& juuulS^joJI ^3^ jJI v^bjou^JI g3jJI 

. Ijlû> J\b> IJ0I3 

J\b> IJ0I3 b3jJiSJI A ÀB CÜ35J Cu(s) ijjubfcjJI jls : 3^ JjAi*jcJI lSjJI i^LajcxaSJI £3jJI 

. J 3 ^*lJI Iâ^ 

Cu ++ (aq)/Cu(s) $ Ag + (aq)/Ag(s) : ± juj £$ x > / J>ütx> 

UüübtJI jjJs 3 ob3jl (Jjj J^LâjJI ^Ü^Ls^jo güJAjuul_ 4 

! v-sJbJI g3jCOiiX)JI j^dJ J^ÜüJU cbbu^L^JI cd^UiXxJI ^jJLc J3^L^JU 
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(x2) Ag + (aq) + le“ = Ag(s) 
(xl) Cu(s) = Cu ++ (aq) + 2e“ 


2Ag + (aq) + Cu(s) —» 2Ag(s) + Cu 2 + (aq) 


KMJ j[sÜ .2-1 

£^JI ^5sj0uuüu3 I 3 I Û 3 >iiül wLaajüSI 3 ^ JLmaS^I * 

oxydant+ne = réducteur . «^sl^oJI JjjocjxH ,£üUI 
/ £üLJI ££jJI i a jsjouuuu3 3 I û3>lSJI £uuo ^jJLc üvjLaaS £ 3 ^ 5^ 

reducteur=ne"+oxydant ^ 3 dl>oJI juuulS^oJI 

.«jjLAdljjo Jjji^jo3 JüuulS^jo vjjo ü$£Lq ^3j o^L-C ^ JUuulS3jo/ Jjjctjo 0>3 ^JjdJI* 
!ÜjjiXO — ûJUuül S I CÜ^laoJI VÂ«ûjJ XmjS^o/ U jJ£*LQ 0 ^$}>cJ i jjüOuy 
Ox+ne'=Red 

ob 3 jjiSJ\JI JLûjul CjuC> JuuoS^jo/ JjjiiüjO ùLl> 3 ^JjO Jj>Jüu JljjL>l _ ôJ ljuülSI J^LûJ J\L> 

3 Ox 1 / Red 1 JjjL^jo .juuoS^o oL^> 3 ^jjo lÜjLuuü ôjuuoSI JxLôj J\Jj> é cloLc clô^u 

. Jjju^uo gx> ob> 3 ^jjoJI l5Jo| JuuoS^jo Jxlâij CjuJ> . Ox 2 / Red 2 

. ù\JxLû^jo Red 2 3 Oxi ol lsI Red 2 JjjL^joJI Ox t juuoS^joJI J^cUj julc \buo 
I ^J-^Ls 2 joJI v-S^Â^j <-jÜLSU « J^lâiJU cdL^L^JI <=U^LszjoJI ^jJLc 

n 2 x(Ox 1 + n 1 e“ = Red 1 ) 


rij x(Red 2 = Ox 2 +n 2 e ) 
n 2 OXj + n 1 Red 2 —> n 2 Redj + njOx 2 

jüjdJI oLkwIq oUgjuojjJI oüqjI mu Jlu^l— ojuuuSDI ■ Lcüü oJ^lajo : JLo 

■ ^S^ÜOb> JflUuJQ 11 ^ 

oLc3jJI .Fe aq / Fe aq 3 Mn 0 4aq / Mn aq t jjj^3^jjoJI <juu JljjL>l _ ôjuuo^Î J^cLûj 

(Fe aq ) J>ü^oJI 3Mn 0 4 (aq) juuulS^xJI Lcxü ù\JxlûioJI 


! I QuulgJ QJLÛ 3 13-0JI Uljji2>l _ ÔJljuUlS' vjS\jJ^Is2jO <*_jûiSu 

; Mn0 4aq / Mn aq cl> 3 ^jjoJU cujuuuJU 
: clJLJI cj\$kc*}\ s-«ûü <=U^Ls2x>JI ôjl& cuLSJ 
MnO“ (aq) = Mn 2+ (aq) * 

MnO“(aq) = Mn 2 + (aq) . Juua^oJI (JjJ JjJlSjuoJI j^XjS^ Oj\$J ^ 

Mn0 2 ”(aq) = Mn 2 + (aq) + 4H 2 0(^) : cloJI oUjjj> cisl^U >^c ùjI^j * 

ce c 

^jJI oLâJuOjjJI oÜ3jI <jjo J3^JI ù\J ) < jjJ>3jJu^JI oIj3jI cisLob < jjJ>3jJl*^JI juZUlC Ojl3J * 

(Lu 2 >joj> J 3 Jb*joJI Û 3 Su lSI H f (aq) olj 3 jl Qu3 /xû^Luuü Ù 3 JUI cLouJlC jjJiâJuoJI oli 3 jl 

MnO 2 ” (aq) + 8 H + (aq) = Mn 2+ (aq) + 4H 2 0 (£) 
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! 33L0U ÔjJ\jj$SJ\ jJJ^UuüJI Oj\$J * 

MnO 2 ' (aq) + 8H + (aq) + 5 e" = Mn 2+ (aq) + 4 H 2 0 (£) 

: Fe 3+ / Fe 2+ q^voJU cl^uJL 

Fe 2+ = Fe 3+ + le“ 

aq aq 

! v-sJUI £,3 joj^joJI /xj 

(xl) MnO 2- (aq) + 8H + (aq) + 5 e" = Mn 2+ (aq) + 4 H 2 0 (£) 
(x 5 ) Fe 2+ = Fe 3+ + le 

V / aq aq 

; JxLôjJU Cil Jl qJil^oJI 
MnO; + 5 Fe 2+ + 8FT -^Mn 2+ + 5 Fe 3+ + 4 H ? OU) 

^juJsüJI OUj P ttJI ^ISJjjuüJI . II 

Ü^ljXÜI . 1 

(ïl)gjjbùJI ÜÜ^Ij JLuuü^ 3 ^^l OÜ£j| (jjJ JxUJI ! JtuO « I 

J^Jbïjo jJjo ol jlzS cuJI (II) CjbjjjS jJjo 5 ïr£ jLjj>I v3vl St 5 ^ 

. I:>3^JI 

S" gÛ LJ I V^aSjJoJ I /X_juJ I Lo ? lôLo _ 1 

Cu( 0 H) 2 (S) QJSZjuÆ II JuljuüS^j V * d> ^3!^^ ■ 0/)jl CÜ3J V-jJL^ ^uuül^ U_jljuüjJ 

V»3-j\J| CjJcO ^_svjjl J^cLûjJI cJôlax) u_jûiSI _ 2 
Cu 2+ (aq) + OH"(aq) —>Cu(OFl) 2 (s) 
V dJL>LjLOuul 3_à> Le J^LôjJI L^jl 9 OJlXj cLuuojJI ÔJuoJI jJ l 9 c Jjj » s _5\-û^ Lo_ 3 

. J32O 3 p -9 üô| ôôjJ^joJI o^JIj ciSLÿüu ül cljLJI cjj> <jjo Jjl 

vjujSü _ v 

gjüJ ÿiüOJ U iSi Ojjp^j OJÜD üvd VjJL^J V-SVjJI üJ y jJi ü\i) ^AljuuüJI üJ y ü J l 
jjül^joJI v^vd o^gjü oJ l 3 o^L&ûJS gjüLiül 6 j^U 3® ÿ^&JU l£)^3 ^ 1 

44WI Oll^JI-II 

JsUuJ3 üvd s 2 o; üÜ3<|^ <U/b üljJL^I . OJüuaSI JéCIâJ ! Jluo . I 

J3Jb^0 OJO 50 m^ 3 l.Omol/ i ùjjSj J dljjJu;3l£JI <^ou> J3Jb« CHO 10 m^ <jüuk v^svS g>oJ 

. 1,0-10 mol / i ôju^jJ />3 j^3^JI oLuj^3jJ 
. ôl3i>uo li>\Jj3 ujüISJI u_jûL> ^^JLc ^xiLu^l C32JI jJjo <ÎjojS> JoJLuju 

c ce 

<JuC> _XS£J C^ajSLû-juü JLQ-ÛJ9 >â^>l gUu^U /XJ 0 )jj\JI LjJI JjuCXJ Û3J oLLl^J _XS^ ijjuISJI Jc>L 

? v-sJLcLâJI JoJb^JU v-SO^jjJûJI j3-LüJI Jju li>Lo ^jJLc _ 1 
|ju& Cjûüuuüj c3^oJI 03^3j J3JbuoJI v_svS ciûJlc OujjlSJI <jjo cuJL^> güJu J3J*ûJI Ijl& J\L> 

JlQ_ûj güLJI kZjJjjSJ\ Q+oS jj'lSu JülC . C3^oJU CLûS|3joJI cl>3joJI |S 53^1 CtZ)L> 

. jSlæ I CU3J gu^u3 cUjSLô-jJj JaJLiJI 

T »JL>LüûLjuüI 3_d> LoT jJLcljQjJI L^jl 9 OJl^j ^_soJI cLuuojJI ÔJuoJI jJl 9 v_5N-^ Lo_ 2 

Lü J ff-v_SvJo_J JxLô-JI ol güuuLJuUU Lüj-ÛJ CIÜjl 9 Aj J3^JI J\L>' Cl 9 j^jOuUUoJI CUJuOjJI ÔJuoJI jJlÛJ 

. ÔÔjJ^joJI cJo-ajJI3J CL2.0J yjSuàJ 

ùLj>3ô>oJI c l *3 Jj>jüj lSjJI Jl>i>l_ôJuuaSÎ JclftJI cJôLsjo CjuüÎ_ 3 
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.SO,(aq)/S,or(aq) s S 2 Or(aq)/S(s) 

: JcUtJU Jl <=Ü 2 >Ls 2 joJI O U 
S 2 0 3 ~(aq)/ S(s) : cujuuuJL 

S 2 0^ (aq) + 6H + (aq) + 4e" = 2S(s) + 3tJ O 

S0 2 (aq)/ S 2 0 3 “(aq) ëL> 3 i>oJU clhuuuJL 

2S0 2 (aq) + 2H + (aq) + 4e‘ = S 2 0 2 - (aq) + H 2 0 (£) 

JS^JI CLp,| s ijU Lo 3^3 J_>iitxJl 3 JuuoS^oJI ^ 3 ^ Ù 31 I <_jL 2 b J 3 ^eiJI Ijlû i_s\9 

dismutation ^IjJI J 3 >dl 3 I 
: v_sJUJI ^ 3 jojsjoJI >>ju I IÀ 3 J ciJL^lsJI aJilaoJI tjJLc J 3 -a>JU 

S 2 0 2 (aq) + 6H + (aq) + 4e’ = 2S(s) + 3H,0 
S 2 0 2 (aq) + H 2 0(^) = 2S0 2 (aq) + 2H + (aq) + 4e 


2S 2 0 2 " (aq) + 4H + (aq) 2S(s) + 2S0 2 (aq) + 2H 2 0(^) 

VJUySÜ — y-F 

ÿiüOJ VjuûJ OlcLuJ OJLC ^J! OJLC ÿJO ^jAajuUÜ j\JI CUJguJl 

jjuC^joJI v 5\3 Oji^juoJI ujüLaJI àjjfr&b 3 I làgju u 

ÜULuJflÜ t jJ jJOJ 

Uqjl^JI ^sn3 >juj lsJI ÔJUI ^juLuoülSJI ü^gJj uu^ 

: cüajujI 

Ijl^JI 

cUoàJI ù^Su 

ùLuoJI k3\j^>\ 
dbjJI dLjJuj^iSJI J^cIûj 

1^3^I 3 dJLjJuj3iSJI <juu J^LôjJI 

v_sJ3^S 

(II) jjuubfcjJI 0IJ3JI3 dJbjJI ,juu JIjJl>I _ ôJuuo 5 \JI J^cLûj 



àju^uJ\ o\J 3 ^lJI 

cUoqJI j3j3^ <*jljuuIj Û 3 SU 

Ia^JI ü$5j 

1 ^ 3 ^! 3 dJbjJuj 3 lSJI ^yixx^' <juu J^LàJI 

'-^s 43 eJbjJI Crti-> _ ÔJ^o5\JI ^J^Lqj 

(II) u^bJI 

dJbjJI gx> dLjJu^lSJI J^Lûj 

v_sJ 3 ^S jjoszj 

O LuuoJ 1 ^3 1 
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. ôjSjsJI üw^ji j\jjy\ _ m 

: iJujsü 

Ô-*J LuOolS ÔC-£JQS*lO kü CLCj^juü jjlaSD (j-O ^J^uOsJ j I JlQjO < Lu LuOsjkS l jSj^ \LoLc ^SVjCXjuUÜ 

o\LcLôjuoJI >üb — 1 

! QjjSzj 

J^Jbîuo qjo cLqJuJzjo p^ts> ^jJLc v_svS 

. 0,2mol/l jjSji csi K + (aq)+I'(aq) 
tSi (_sOLiJSLijuaS 3 \JI cLoJl J^Jbtx) (JjO 20ml cdà^JUI ( jjo_àj >_s\S 3 (JJU 33 SJI ôJl£> (Jjo >_s\9 i_ju£ü 

c ^ 

J5 v_sv3 Ù 3 J < <jjuI5 J5 iS$jS*jq clc^juuu JÜjjaJ . 5.10 ITlOl/l v-sJ^x) 

. <j-uk 

^sJUI J 3 J^I \Lol 1 


(3) 

(2) 

(1) 

P$J Jl 

40ml 

20ml 

10ml 

j3^3aJI ps^> 

P^a-juj b3-J 1 

10ml 

10ml 

10ml 

AjÜJ'jj£J\ ^pXOS> ps>£> 

30ml 

50ml 

60 

j^LÀJcd\ cloJI pc*£> 

20 

20 

20 

cboJI ps^> 

v S^-<uC|^julL^3^ 1 

100ml 

100ml 

100ml 

JaJLâJI p^> 
^svJLcLûjJI 

0,08mol/l 

0,04mol/l 

0,02mol/l 

[I ]o jjSjüJ\ 

0,lmol/l 

0,1 mol/l 

0,1 mol/l 

[H + ] 0 ^JjJlj^^JI 

0,01mol/l 

0,01mol/l 

0,01mol/l 

i^SsjJuJI 

' [H 2 O 2 ] 0 




^jUüOjJI ÔJuoJI 

o\Lclôjucxl 

i^_SVJ JuJ 1 jjS jjJ 1 K-J LjuUL!> 


! o\LcLojuoJU i^s^AaJII jjSjjJl v—<>L axo 

[I"]o * 

in^ 

V T 

/>3;i_ijjb3jJI j3^3j J3JLSJ0J usbJuJI V03 /)3j_»Jijb3JI j3^3j J3JbtxJ i.s'jJlJI jj£jï}\ Co 

[H 2 O 2 ] 0 * 

["Al = ^ 

V T 

cloJI v^snjJuJI ps*£*}\ Vi 3 sboJI J3 JL^joJ ^snjJuJI Ci 

■ i, 3 vjuC|^A^uaS 3 ^l 

1 2 âC] / I âQ 3 H 2 0 2 aq / H 2 0(£) t jjj^3^jjoJU <j^3jjâjoJI cJ^laxxJI ks^sl^X) _ 2 

. ujüIUI i^svS Jl^l _ ôJ ljuülSI J-cLûJI ^Ü^LsjO gûL^juül pj 
. J^LôjJI Ijlû> v-SvS JjJL^joJI3 JuuO^joJI iJO 

H 2 0 2 (aq)/H 2 0(^) : ^>oJU ^JL 
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H 2 0 2 (aq) + 2H + (aq) + 2e" = 2H 2 0(D 
I 2 (aq)/I“(aq) q^uuuJL 

2I'(aq) = I 2 (aq) + 2e" 

. JjjüijoJI j3_)lJ I oÜ3jI3 JuuoS^joJI j3^ ^LoJI «^jLsij lÀià 


! v-sJUI £3 joj*joJI jj*Ju Ijl^J <=Ü^Ls2joJI tjJLc J3 ^l^JU 

H 2 0 2 (aq) + 2H + (aq) + 2e = 2H 2 0(D 
2I“(aq) = I 2 (aq) + 2e“ 


21 (aq) + H 2 0 2 (aq) + 2H + (aq) -> I 2 (s) + 2H 2 0(f ) 

< jJb«Jl v^s I~aq oIj 3 j\U cuJjJI jjS\jjJ\ L^Jojj 3 t3 < t2 « ti oUô^JUI cOjLûjou _ 3 

■ ^LCjjuü j^^vJLc ôJuà> jjjb ^UuuOjüI 

. v-sOLh 0 ^ J3^j j 3loi ^s\ic juüb cÜ o\LcLâioJU v_siJuJI JjSjjJI ûl gûuuOjüJ ti<t2<t3 ùl Jô^>\b 

^jjuuI )^]où olS UxJS i jjSI J^cLqjuoJ v_svj jlJI jjSjjJl olS LoJS 

£ 

jS jjJU — II 

: qjjjci 

c c C 

! H2O2 ^svjlOii^uüS 3\JI clxxJb I j3^3-JI oÜ3j\JI ôJuuüSI J^Lûj Loulô >ax 2 j 
21- (aq) + H 2 0 2 (aq) + 2H + (aq) I 2 (s) + 2U 2 0(£) 

j^ux^jo J^Jbïuo <jjo 5ml ^jJLc IpJuo J0I3 JS lS3a^j é UI cü\Li j^x>j 

^^JLc LS3J00 v_soJI (1 ) uüjISJI v_sv 9 J3\JI ^3-j\JI gjaj . 0,2mol/l v_sJ3jcxJI j^SjjJI lS 3 />3j*juub3JI 
cLo i^svJLc LS3JOO v_sOJl (2 ) jjjüISJI v_svS v_sObJI w^3-j\Jl3 (0°C) 5JLÜI3 cLoJI <jjO JûjJL> 
60°C ùj\j*}\ ajlc <jj>LuuJI cloJI ^jJLc v-soJI (3 ) <jjjISJI v_sv 5 0JUI3 20°C cu^lacl 

JS l _ 5 JI 5.1CT 2 mol/l ^sJ^oJI jjSjjJl ssi l ^>i S jua53\JI cLoJI 5ml L O A ->Q J C-O3LI jJJULÛJ »*_svS ■ 

. cLCj^uuu viljjO /xj < jL^\ 







o°c 



20 °C 

d 





60 °C 
1 

■ 


CD 


( 2 ) 


(3) 


? JxlûJI I jJb j 3 loi ÔJuo ^jvJLc jjj'b Lo 

J 3 ^oJU cLulgjJI cJbJI JuZ> 3 iJI /xj LoiS cLsiûJjjo v-SvicLûiJI 6j\jS> às>jï OulS loiS 

. JJI ÔJuo J\L> 


! ^juùLûjjJ eu cLajLcxaSJI o\J3^ûJI ^j^JLc ô^sJI ci>jô jj'3j 

■ ôjIj^JI ftâjJ Jq^Ü L^Ubl q! 8J juuüÜ • 

! clJLcxaS o\J3^0 gjj^uajJ cdbuol 
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JOuJ ljL& gjj^uUÜ <Jj>l ■ ^Loc\JI ôjlj^fcJI JülC Cv_sJûJ J^clûJ vilLj^o\JI gjJu^Ü 

. ciaûjjjo ôjljj> ^L>j^ JuC ôjbül 

(100°C) Haut Fournaux qJUdl ùl>9\JI ^ ^s^jjoJI ôJjj*J l qj>p jlcLuuJ : jua^JI qcL^> 

. JuJi^dl jiS ^jJI JuJcaJI Juj— juUlS^Î JljjL>l gjj^juuü ^jvJLc 
^I^joJI <jjj ùJlxi i^_SJJI J^^fcjJI gjj^uuüJ JoâJoJI JjcxajLjuJÜ ! cuJl_XâJI ^I^joJI v_s^-pJo 

■ i_SV^ lo JI i^ 5 vS qJLxXS£jLjuUUoJ 1 

ûjIj^JI ijjaÂM Jo^ü uu3ojgi cLbul • 

: cdbuol 

^ l^ibLQ-^j dJi >3 cuJlÂsül ^I^oJLJ microorganisme /xJljcJI JJb^JI cALcliü clLul 

. ^JaâitJuo Jj> ôjljj> q»>p 

qJô^J JulC Lo k^juSjj ^jJI cIoxaSJI oIjjJcïjo v_sv 3 ! v_sOLxxa 5 

oLuuLiLlI jL^jl qJô^J JulC q-ûj^^j « jjoûljujuo v-s^Luo^ qJL> v_sv9 3 ^ ol L 0 U 3 
IxJbJI jXkC 3^3 trempe v^Luo^SJI ^juuLkaâJlj />$&j qJb*JI ôjl& v-svS . o\LJb*jJI û 3 £J 

. JclâJI (0°C) gJLJI jJjo />Loj> v-Sv 9 qia^JUI dJUb v-Sv5 

LbU c i^svjLuOukSJI jjjuJoâJI jlcüj <iJJ-X^ O^-oj. 

. tv-SV-L^ JC> J3^îûJI J SZ2V t o\LclâioJI jjS\jJ ù\J 
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cLuOjlSJI y^;lo 1 «UjUüJLjJ 
2008-2007 cljUI clüujJI 

cUjJcu ülljXJ 1^ ^iUjJuuJI 
<uS>*JI JjoI^aJI 

1 {JJjJOJ 

£ c 

£3jJI JuJc*j gjo t cuJLJI oL>3^JjoJI <jjo cL>3^Jjo cü3jJLoJI JljjL>l _ ôJuuo5\JI cJ^lax) kJlæû ^jüS\ 

. Jjjl^jcxJI £3^3 Juuo^joJI 


Crp;\, / Cr’\ q (milieu acide) 

sp;-jso:- u 

spr„/spr„ 

Hp 2M /HP (l) 

ce„/cr„ 

CO^/HPP^, 

Fe " / Fe 

aq ' s 

so: lnl /so 2lnl 


2 \JJj-OJ 

^UlC ^ûüu J^cLà.; OJl^jl 9 t Jj LajulJ I < j -^3 j-dl ^svjLüj »*_sv3 ^ 3 *-â j 0 sJ ^ * J)j 3 ^jjo ôjulSL»^ Q*? lo9 

■ (aq) 3 olj S^ l>° Û 3 I 0 JI /)^U)^J\JI 

*T J^LajJI lÀâ) v_S\S OLdL>JüùoJI JljuoS^X) / JjjoSjO ùljL> 3 ijjoJI i_sv£> Lo _ 1 

. JxUJI Iâ*J cloLcx^JI cüiü^oJI v^î _ 2 

■ p 3 j-l I ^JjO 2 mi £LO J.dûjÎJ v^oJI 'Jà ç^n - Q - I I cdLiSJI 'uuulL > I 3 

. M(AI)=27g/mol 3 M(Br)=80g/mol 3 d=3,l /> 3 >JI owlJ AàU5 ^hs.j 

3 vjjjjoJ 

£ C C 

£x> usOuCfcjjjuS^I cLoJI 3 I ,jjJ> 3 jJli^JI Jojuo^I ( 3^9 J-cLàJ 1 _sJLc ô_>j 3 joJI cb5_p*JI JJ 0 I 35 ÜI ^Agj cLuoljjJ 
: AJUI AjjJoJI *_ 93 jJ=»JI ^-jljuuo C»\Jj jj*Ju v_sv-^ûjoj> Jû_juü 3 v_sv 3 j 3 ^ 3 jJI oli 3 jl 

[/ 2 ] = 0,05mol/i 3 \H 2 0^\ = 0,05mol/! 3 25°C ôjlpJI : (i) cu^i 
[_I 2 ~\ = 0,10mol/i 3 [A/ 2 (9 2 ] = 0,10mol/! 3 25°C ô^sJI : 2 cu^l 
W = 0 ,10 mol / i 3 ["A] = 0 , 10mol /l 3 50°C 6 , 1^1 CL>^ : (3) cu^l 

cJ\Jju ÜC)fx.A.Xxj 1 I 2 ^3^ v-S^jLiu jjSjJ j 3 1 c ^JLû_juül JfLüûJI QuuJ 

<JSü AjljuUüJ U 

I O"^ _ ôJ ljuulS J^lâj ^U^Iszjo v-jlaS!_ 1 

I 2<«> / A; 3 #A,„; / W A„ 

. dLu 3 >l JJLc . QjjSzj ^JSLI ^ 3 Sl 3 -oJI ( _ 50 o%jooJI ù+C — 2 

4 

c .. c £ 

oLûl> H202(1 ) -Vh^^sI 3 I ^LoJU 

_ ôJuuaSI JxLûj <^jljuul> dlSLâij 3 £3 i J 0 I 3 ùl St s \3 JjJL^uo_JuuoS^o 

dismutation . ^13 Jlj^>l 

0 1( „/ h A w s Hp 2lm) / H 2 0 U* ol^UiJI ob> s ,^l 
£ £ £ £ 

. i^svjLOii^ua 53 \JI cLoJI lilSLûJ cLuI Jljj^>l -ÔJuuO^I J^cLûj cJ^Ls^X) _ 1 

S" «^5^13 _ ô JljuülS I JxiLàJu <ta _ 5 sj 0 ouJU liloJ- 2 

3 

? cuJjJuoJI 

* 5 \jjjjü 




















































. Lo ù_Xax> ^sv9 SnÛ2(s) II jjA^lûJI Jl^juü^3\J cuIaSJI cL^jujuJI JuJc*ü Ju^J 

jjj>Luu3 v-Sw^joj^ .h_juu3 v-SvS c Uj^JLszj 03 cüLauuu As^j é ùJlsxJI I Jl& <jjo rn = 0 , 44 g LpjJbS Jc>b _ 1 
IIjjJu£lûJI 0Ü3jI <jjo LuüLujI Ù3S0U S J3Jb*uo ^^JLc Ju^l^âS « àjS$j Pb(s) clLljuü^ 

. II oÜ3jI3 

1-1 
2-1 

( />l juuoS^o ) ? ^LvJI <^aJb csjJI j 3-)JI 3^ Lo . ^Lo^lJI cü^U^xJI 

JQ^SÙ J^LûJI CüLpJ JülC . CUujjJI jL>l3iX)JI II jJJl^LqJI Jlhu^sI gjO J^LôiJ \J ùl j-OL^j _ 2 

. S J3JbnoJI ^jJI cLûjuJoj <=LôjiiUu -X 5^3 v_svii-OüJI ^-jJL^JI /xjuuc*JI J/szj 

û> 4 >i { 2 K + (aq) + Cr 2 0 2 7 CagJ ) />3^b>JI oLo3jS onjLu J3Jbtx> cÜo_jujI3j culc Ju^l^joJI S J3Jb«JI jjlaj 
II jjJuæslW j+juüSsI ^jJj jjJl^üJI jü^ût: J3^*ju ôjjU^xxJI J^cLûj J\L> . C — 0 , 020 mol / l 

? li>LoJ ? S \J$)szloJ\ ^jJI cusLol CjuoJ LSÂJI3 v^SV-QjljÜoJI ^jJLoJI /X^uUCfcJI 3^ Lo 1 _ 2 
. Cr 2 0 2 y aq / Cr 3+ aq cl>3^jjcJU JljjL^I _ ôJuuo^l <=ÜLs2joJI Cjuj'Î 2 _ 2 

oLo3jS ^SVjLu 3-L^-O qJûUuj\$J S J3-L^ïuO« I ÔjjIsZjO lJ\L>' ^Jx^LfijJJ CLuLyO CÜ^U^XXJI gOJÜÜuül 3 _ 2 

. />3^juub3-JI 

. />3Huub3JI oLo3jS St^Lu J3Jb*jo ,jjo VE = 21 / 7 cnfl 3 /x^> cisLo| /Ou LoJulC « 3SlSbJI ^^JLc _ 3 

n. [Si 2 ') 

— --- : clJLJI ci 9 \LaJI LujJ 3 Sl 5 bJI clLiqj JulC qj| 1 _ 3 

. II jjJu^LûJI O b3j\J cbuJuJI ô^LoJI cLax^ 77 

■ ^jjü3j-OoJ• ÙJlSSjoJ I i_Sv£ II jJJu^LûJI JuljuoS^^ c lJLlSÜ 1 ^OljuüüJ ^UÜuljuüI 2 _ 3 

M(Sn)= 118 , 7 g/mol vjnJosû 

* 6 

. MnO^aq) obLâJuojjJI ob3jl qJcuuj\$j H2C204(aq) libJLuuiS^I cuJaJI ôjuuo 5 \JI jjüsù 
C Q — 1 , 0.10 2 mol /l OjjSjJ /3H uJ b3JI oL^JuOjj J3Jbïjo qjo V q — 25 mt £>oJ i t=0 à^oAi\ JulC 

1/ = 5,0 ml ^ÂjuJaJ3 C r — 1 , 0.10 1 mol /1 dJbJLua 53 \JI ^jjo 1/ = 20 ml /x^>3 

. v-S^Û jOJ> v-sJLcLûiJI iljuü3JI J^J dJLoüjjLSJI ^jjo 

1 

. <Uju£L^JI ^bjOuiJI oJ^laxxJI £ÜJÜLjuüI3 
. J321ÜJI Ia^> J\Lz> J>^oJI v_svjLuoulSJ 1 p q jJIq JUUU1S3J0JI Lcx^J 3 p q jJI j>^ 3 l_2 

. JxLôjJI Ij-di c bb>l jüüoJI o\LcLfijuoJU ôjuJuJI ô^LoJI QjjqS ^jljuul^I 3 

. Jc^oJI JxLâjuoJI iJc> _ 4 

JxLôjJI cuL^j JulC jojlSjuoJI 0b3.1l ^üuuLjujI 3 ■ >ob ^J-cLôjül |jLâ> ol bjjûLcl Ii>l cluL^JI _\j>'3l_ 5 


. v^LlXXaSJI J3^üjJI I Jlû^ j 3 loi jljjJ >OÛU 


C-K = 



















LuoülSJI 1 cdjuuüLuuJI 
^LüOuiiJI 


1 

: qj> 3 ^jjo J.Su Jlj^\JI 3 ôJuuo5\JI <=ÜLszjcxJI «JL^ü 

* 

Cr 2 0]~ ( aq ) / Cr 3+ (ag) 

Cr 2 0 2 ~ (ag) +14// + (ag) + 6 e“ = 2Cr 3+ (ag) + 1H 2 0(1) 

* 

oLujjiS O^jI S 2 0 2 (aq) 3 oli^jjljJu ù^jI ! S A 0; (aq) 

S A 0^~(aq)/ S 2 0 2 ~(aq ) 

S A Ol~ (aq) + 2e~ = 2 S 2 0 2 ~ (aq) 

* 

C£ 2 (g)/Cr(aq) 

Cl 2 (g) + 2e~ = 2 C£~ (aq) 

* 

Fe 3+ (aq) / Fe(s) 

Fe 3+ (aq) + 3e~ = Fe(s) 

Cj\jJjjS v_S\jLü 3 -JUjL S$jjJ Oqj I \S 2 0l~(aq) 

S 2 0g~ (aq) / 5 O 4 ” (ag) 

S 2 0g~(aq) + 2e~ — 2S0 2 A (aq) 

* 

H 2 0 2 (aq) / H 2 0(£) 

H 2 0 2 (aq) + 2H + (aq) + 2e~ = 2H 2 0(£) 

* 

S0 A ~ (aq) / S0 2 (aq) 

SOl~ (aq) + 4 H + (aq) + 2e~ = S0 2 (aq) + 2 H 2 0 

* 

C0 2 (aq)/ H 2 C 2 0 A(aq) 

2 C0 2 +2H + (aq) + 2e~ = H 2 C 2 0 A (aq) 

2 \jJjAi 

\ J^LàJI i_svS ùLdL>JüùoJI ùli> 3 ijjoJI _ 1 
3 Br 2 (g) / Br~(aq) 
\ J^LàJJ ^Lo^SJI cJilsîoJI _ 2 
. Br2,o3>JI i_sviJjJ3 Al : Lx£> l jjJLcLàjùoJI 
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x3 Br 2 ( aq) + 2e = 2Br ( aq) 
x2 A£(s) = Af + (aq) + 2>e~ 


2A£(s) + 3Br 2 (aq) — 6Br (aq) + 2A£ 3+ (aq) 

/>3 jJo 03 J\U sSck^oJI v^- Jua - > - 3 
! l _S'jLiuÜ AjJJlJI ÔiloJI CLaj&S l_juuJU>j 


n o( Br i) = 


m(Br 2 ) 
M(Br 2 ) 


d - p - — =>m = p.V 
V 

n n (Br ? ) = — ^ - = 0,039 mol 
ov 27 M(Br 2 ) 


! X J^lûJI JLxxsiiLjuülj J^lûiJU v-Sv-û^^JI 


2AI 

3Br 2 

2(AIBr 3 ) 

joAÀjJl 


n 0 (AI) 

n 0 (Br 2 ) 

0 

0 

JxlâJI cbl-Ju 

n 0 (AI)-2x 

0,039-3x 

2x 

X 

JxlàJI J\L> 

no(AI)-2x max 

0,039-3x max 

2x max 

Xmax 

JxLâJI cüL^j 


JS v_SN»ûi^j ùl />3>JI & 0 J^LâixxJI />3 jJu03J\U l 53 *£lqJI <=ULlSJI Le J3 j ^l^JU 
! Ujju03^^-A-^ 3I 0H9J0JI LS3 LjuUÜuO J-CLôJI LJ£^J ùl lsI o\LcIàjuoJ! 

0,039-3x max = 0 3 n 0 (Al)-2x msa =0 

old >_sJLJIj 3 x max — 0, 0\3mol ol ^jlJûljuuu cujLÜI AsMjsJI 

n 0 (Al) -2.0,013 = 0 => n 0 (Al) -0,026mol 

nJAl) = => m (Al) = 0,69g 

0 M(Al) 

3 vJjjjoJ 

! <^LjCXj^JI <=ULszjoJI _ 1 

! I j3^3>JI oÜ3jI 3 ^LoJI Lodà jj-JLcLû^joJI oLiaaxxJI 

H 2 0 2 (aq) + 2H + (aq) + 2e~ = 2H 2 0(l) 


2I~(aq) = I 2 (g) + 2e 

! v_sv-û> JxLûjJI cJ^Uix) 

H 2 0 2 (aq) + 2H + (aq) + 2/“ (ag) —» 2 H 2 0 + 1 2 (aq) 

<^ 50 UuoJI I lj >*^3 jjjulôj tjJLc LJô9b> (2) 3 (1) ëüjS*: Jl J\Jj> _ 2 

(1) <Jj 3 J^cLôjJI colpj ^jJJ (2) v_sv5 ^ 3 -JI Ù 3 SU ùl lsI lSjuIjJI 

^joUuoJI ^3 ôjljJ^JI ci>p lj>s ^3 (2) cOjJ*JI V_sv9 cLjuulqJ 3 ^ o\JxlàioJI jjSjJ ùl 3 cUjJ^lJI St sn S 
^ 3 -aJI Ù 3 ^u ùl lSI jjS I J^LâJI j 3 -Lü clc^juj Ù 3 ^u ôjljjaJI CjtaâJjl LcxK cul /xl ^3 lSJuIjJI 
(<*_->) <> _ 5 n^ijuoJI 3 (3) cujjuJI ^JjLoj (I) <> _ 5 n^ijuoJL à v^^svJLjJL ^3 (2) ù^ £^>-^1 ùc^u^juj (3) cujjuJI »*_sn3 

. (1) CUjJUÜI JjuOU (g) ^JOIIjuoJ^ (2) QjjSZüJl JjuCXJ 
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4 

! eloJI illSLàj cLüî _ ôJuuuS^JI JxLàjJI cUilszjo _ 1 

H 2 0 2 (, aq) + 2 H + (, aq) + 2e~ = 2 H 2 0(l) 
H 2 0 2 (aq) — 0 2 (aq) + 2H + (aq) + 2e~ 


2H 2 0 2 (aq) -> 0 2 CO + 2H 2 0(£) 

2 

3 

. Ijc> c»_svJaj J_dâjüI Ijlû cuiLic\JI i_svS 

5 

: qj£>\j| j^LlC 

: 2_ 1 


Sn0 2 (s) + 4// + (ag) H- 2e — Sn 2+ (aq) + 2 H 2 0 
Pb(s) = Pb 2+ (aq) + 2e~ 

. JcsjoJI 'Jx-Loji.oJI jj.\^xs ]I Jl«_aaaS 3 I i_svSLI J 3 JLSJ 0 JI ^jJI ùJuaj . 1 _ 2 

Cr0 2 ~(aq) + 2H + +3Sn 2 ~(aq) -> 2Cr 3+ (ag) + 3SnO 2 0) + H 2 0 3 _ 2 

1 _ 3 
. o\J^oJI 
%(Sn0 2 )=45% : 2 _ 3 
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LuPu^ S ü^JUDjJI gju ü JI 

. JfiUJI CLC>juJ 

^LuOüjiJI J| ij\3 ^LoâjuuuuoJI 

^jjluOoiJI ÿJO v3JL^JI — 1 

t QjOjJI cJ\Jju X />JlûjJI JuJCfcju CL^)L>3 t v_svjLuCXa 5 j$ 1 oj £*ju ^jJI «^LuCXjSJI cbSjJàJI 'JZJlÇj 

. clJLxxj .53 àuJ[jjj 3 J^b Juoûl2j ^jiÜI IJl^J . X=f(t) ! 

: cujU>aâJI v3>bJI _ 2 

icuuJ^il ^SvS UJüLüJU ClLLûJI CLAjUjuLÀJI jJ^LûjoJI L_SJol Ü3SJ LoJülC ^^bjjjUI CLûJjJoJI JjexajüuJÜ 
. kuuj$i\ Ijlû^ v_sv 5 ô^3^>3joJI ^LouSJI uÂszj v-sJLcLâJI 

( J3^njJ %uÆl>ü oÜ3jI ^^JLc lS3jl^j v_sJLcLâjJI ]guuj$}\ ) c ÜL^)I3joJI <jjüLs _ 
CjuS> J3^lJ &£l>ü H3O />3jJ3^uo5\JI oIj3jI ^jJLc kS$Jszj ^sJLcLôiJI kuuj$i\ ) pH ijjjLà _ 

( oIj3j\JI ôJl& jjSjJ JuJc^ju pH jjjüLs Çux.juJu 
( oljLc dU^JLjuuu 3I güüu J^oLôjJI ûlS N ( .bâJaJ^ /x^aJI <jjjLs _ 

cüL>jüjoJI e.l_9j\JI joI 03SJ Iojuls Jjcxsouuu (spectrophotométrie) ^3^1 OukJI ujüLs- 

. Ü3JLo 

^LuOüiiJI v3jJ^JI — 3 

cdL^juü cLûjjJo v_sv-û^ 3 ■ JxlàJI J\L> CUJU4 JI £I3j\JI Jol ôjjU^jo ^jJLc <^LucxjSJI JjJoJI jSujJ 

! i^aSlII \jÂSZJ ^jJLc LSftJgjJ L^jl julC 
■ u^3j-*-æJI v-sOLocxj^SÜI J3^üjJI />lol £j>juu ôjjLs^joJI J^cIûj O3SJ ùl — 

. ciakiiLa) ëüL^u cOuuljjJI _ 

. ^_sJLcLà-JI Jû-ajl^JI o^ -0>b oLu^c cuJLxxaJI />jj _ 

OI 

. <jjojJI J\b> 

■ ÔjjI&aJI àJou m 31 ^jjLjoüi S wJNjùojJl ^3 b>^J gjû ü — II 

■ üSjy^JuuSj^ll çLoJI OUuyjl* ^3^34^1 OÜ3-^l OJUuu S Î . 1 

1 ÜWjJfüJI JoLuüU 

= CÜQtuoJI 

L^aJaj3 gJLiuoJI sboJI <jjo 20ml IgJuo J0I3 JS v-SvS <^ju£Ü3 100ml <jjo UJU33S Qszjj\ -b>b 

. aJbJI 3 cLxxJI <jjo buJL> tjJLc lS3aJ^j />Loj> St svS 

c ce 

ôjjSjJ v.svjLOiiA^j^S^I sboJI J3Jbïjo jjjo Vi=50,0ml k-juæûs 200ml >oj^> ^jo jjjjIS jc>b 
ôjjSjJ />3j^jüb3JI j3^3j J3Jb« <jjo 50,0ml3 dLjujjSJI ^yixx^ ^>x> 2ml3 Ci = 5,4.10 2 mol/l 

C 1 

. v-sJLcLûJI b^JL^JI viljj03 OjlÜjjoJI JsOJjü 3 LijuJI £ j0 ^ ) ojo %is cisL^I . C 2 = 1,0.10 mol/l 
UJJ33SJI lsjo| v-svS c u^ü 3 v-sJLcLôiJI I ^jo 10,0ml Loj^> jc>b < ti=2min cLb^JUI aj^c 

. gJLocxJI ^LoJ I tjvJLc lS3a^j v-soJI 
oLüj-fcS3AjJ jjLaxxJI J^JLz=iloJI cÜû-juü^ < ô^3i>ljoJI cUjJlII ^svS I2 Ù3SJÔ0JI 2>3-JI v-SNjbu jj\si) — 

. />3 j ^ 3^1 

( bLiJLâJI O3J ) 3SlSiJI <^5\lc J3 j ^l^JU iJLaxJI jjlaxxJI J3JL2ÏJ0JI >oj^> Ve v-Svjcxjuuü 

. oLuüLüJI k^s L3J3JÜ3 Ve Jj^ijujü _ 
: <^JLq_juüI J3_)l^JI £l2>3j LexS clôJLl^jo t oLb^J Jû_C cuJLxxaJI jjjulqJ JulSj _ 
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t(min) 

2,0 

6,0 

10,0 

15,0 

20,0 

30,0 

40,0 

50,0 

60,0 

V E (ml) 

1,2 

2,7 

3,5 

4,2 

4,7 

5,1 

5,3 

5,4 

5,4 

n(I 2 )mol 

0,6 

1,3 

1,7 

2,1 

2,3 

2,5 

2,6 

2,7 

2,7 

x(mol) 

0,6 

1,3 

1,7 

2,1 

2,3 

2,5 

2,6 

2,7 

2,7 


■ gutuJI jloyyyuül 

? ôjjlax) Jj 3 gJbuoJI cLxxJI v_svS v_sOLcLôjJI ixJbJI <jjo cUxaJI li>LoJ _ 1 


^bJLosSJ l _5VJ0^juUÜ3 Ju 3 I < Quû iSL jCXS&LjuU J^LôjJI uLl93JÜ ^LaJLcxsl ôJl^j jo$su 

. jjjoioid 

^1 v_snjLu3 oLuj^3ju oÜ3jI J^cLôjJ /)JLûjJI J3_)c> — 2 

: Lxd> J^LôjJI Iaü St s ^3 ûLJL>juuoJI oliL>3^jjoJI 

I 2 (aq)/I”(aq) 

I 2 (aq) + 2e“ = 2Iaq) 

S 4 0^-(aq)/S 2 0^-(aq) 

S 4 Og”(aq) + 2e” = S.O^Caq) 

^3>JI cLôju>l <^50*^0 J^cLôjJI v1»Jc^jljuü ^3jJI gjo oLüj^3jJ oli3jl J^lâju ôjjü^oJI J\L> 

! ôjjlsoJI J^lûJ ^UjLuO^aSJI Ls2-oJ ls v_sJUIj3 

I 2 (aq) + 2e“ = 21" (aq) 

S 2 0^(aq) = S 4 0^(aq) + 2e- 


I 2 (aq) + S 2 0^(aq) -> 21“ (aq) + S 4 0^(aq) 
: ôjjLsixxJI J\L> JxLôiU I 


JiUuJl 

I 7 1 aq 11 aq ' + 2 SAT 1 aq i -h» 21' > aq 1 + S 4 Og , aq 

oJL> 

x(mol) 

( mol) üiLoJI àjjüS 


0 

n(y 

C V 

Ô w f> 

0 

0 


Xi 

n(I 2 ) -Xi 

C V -2xi 

Ô UjL) 

vJf-ÂKW 

2: ^ 

Xi 


*E 

nty -x E 

C V - 2 x e 

Ù yj^ 

2 :x e 

^ E 


C v_sJ 3 jcxJI Ve iisvstSuoJI cd\Jju n(l 2 ) ^j 3 SlLcxJI ^ 3 -JI usvjLj ô^Lo <3jjcxS i>c _»x _ 3 


f C.V e - 2 x e =0 
1 n(I 2 )-x E =0 


! LujJ 39 IUI Jul c fljî /JLaj 

c-v E 

2 

n(I 2 )=x E 


x E = 


/T X C ' V E 

n(I 2 ) = 


v.svjLu coLo ^jjcxS 1 >c x^ojLûiJI aJ\Jjü >*£3 Ijl^J ^sI^joJI J^làjJI J3 -)l> — 4 

. t OÜcLsJUI JulC aj^SLooJI 11 ( 12 ) ^3r*JI 

H 2 0 2 (aq)/H 2 0(^) j I 2 (aq)/T(aq) : oL> 3 i>oJI JxLaJI \±s> 


: cL>3ijjo ,JSJ cJilszaJI «-àj^ü 

I 2 (aq) + 2e” = 2I”(aq) 

H 2 0 2 (aq) + 2H + (aq) + 2e" = 2H 2 0(^) 
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£ C 

^LoJI 3 O^jI Lxxü JxLôjJI \jJù v_sv3 o\lcLsLaxJI 
H 2 0 2 (aq) + 2H + (aq) + 2e" = 2H 2 0(^) 

2r(aq) = I 2 (aq) + 2e _ 


H 2 0 2 (aq) + 21- (aq) + 2H + (aq) -> I 2 (aq) + 2H 2 0(^) 


JüLhjJ 1 

H 2 0 2 iaqi +21 > aq ■ + 2 H + iaqi^> I 2 « aq i + 2 H 2 0 j £ j 

1 a_| L> 

x(mol) 

( mol) ô^LoJI ëuô 5 


0 

C 1 V 1 

C 2 V 2 

Ô L J _ J _) 

^TrVvWv- 

0 

0 


Xj 

CiVi-x, 

C 2 V 2 -2xi 

Ô uuû 

^TrVvWv- 

Xi 

2xi 



CiVi'ÏSraax 

C 2 V 2 - 

2 Xjmax 

ihfciS 

Xtom 

2 Xjrnax 


JxLôJI J3 _)c> 


n(I 2 )=Xj : 3^ t cüâ^JLII julc cij^SLiücxJI :>3JI jJ colo ûÎ 

x, = - Y~ ül süüüüuüü n(I 2 ) = 3 n(I 2 )=Xj ^U*JI 0-0 

çXjuuljuJ I 3 i QJ LjuüJ I J 3 Jl^JI ^OvJOU I ■ v-S^JLcLôjd! I j^JjO 100 m I v_$vS ^ lô>J Jû_£ X _ 5 

■ Xmax /jAîLJI 


ixJL^JI Qjo 10ml ) i qjulc K-&S n(I 2 ) ô^Lo q+oS o^- 0 ^ n(I 2 ) = 


C.V P 


qsUsdl 


. t <Üô^J Jul£ ( v_sJLcLûjJI 

Jû_£ JoJL>JI <^s\S c lJ-SJ ^ 3 jJI v-^vjLu ô 2 >Lo C\+X>S ois i oLa_C 10 j^jjo lj^Sûu JculiJi ol L 0 U 3 

: S 5\^ t 

. x=5C.V e ol lsÎ n t (I 2 )=5.C.V E ois ^3 n t (I 2 )=10n(I 2 ) 


t(min) 

2,0 

6,0 

10,0 

15,0 

20,0 

30,0 

40,0 

50,0 

60,0 

V E (ml) 

1,2 

2,7 

3,5 

4,2 

4,7 

5,1 

5,3 

5,4 

5,4 

n(l2)mmol 

0,6 

1,3 

1,7 

2,1 

2,3 

2,5 

2,6 

2,7 

2,7 

x(mmol) 

0,6 

1,3 

1,7 

2,1 

2,3 

2,5 

2,6 

- £ - 

2,7 

2,7 



o^o 

Xmax=2,7mmol 


^max — t-t' . .. 

^oJLjuü jIjJl^'Ij X = f(t) ^SVjLljüoJI jJ-yuOûül ]cO> _ 6 


I 3 J lSÂJI tl / 2 JxLûiJI OLuCÜ <JjOj LûLujO _ 7 

. /5AiLJI Olzu l^Luju LoJlsü 

O.m^ÜI ^ louoJI JcL> _ 8 

^jjjl^J <=o> 3 joJI JjoLs 2 joJI j 3 -Lüj .t=30min 3 t=0 

S" ■ LxXjoJ I 
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G 


t 


!*' 
L m 


S m' J 


■ <=ULo^J>y\ jjüLüU JNjlüOyj^ JjM g jMü . III 

: JoJbuo i jjo qJL^Iojoj uiSju — 1 

s 

G = p. — : cuJUI cL 9 \lsülj L <^3^3 S Qszksuz < v-sO^jI ^jjo sjj> qJL^I^x) <jX jjSù 

. S/lTI v L^JlC >« 32 j 3 J3JbtoJI cuJL^>3joj G JjoLaoJI v-Ssjcxjuuü 

s s 

:>lajU <jjls*ju 3^3 K= — C l-*JL^JI < 3 Juliu ^jvjcxjuju — jI_)lqjoJI3 

. CL*Jb*JI 

: oli3j\U 4-J3J0JI c lJL^>3joJIj jj^jü 

q^jjoJ cJL>3 c lül^_juj 3 (taille) ôjlqj J3Jb*jo ù3jI juuoûu 

cUj3j\JI £,I3j\JI s 5 ^Ij tlls&U' jjuojJI Ijl&3 

jLjJI Jj-*^>3j ^jvJLc <UjJi 9 <jjo é J3JL>joJI ^3 ô:>3^>3joJI 

. Sî svjljj^iJI 

V jjOjJ I3 CLÛ3 j\JI CUJ3J0JI CbJL^^joJb ^JVjCXjuüU v^SVjbjjkS jIJlûjOU ÔjJlûJI ÔJlû^ <jX jjSÙ 

. S.m 2 .mol 1 ôa^JU L^jlc 

! clJ3j\JI CUJ3J0JI 0LJ3J0JI3 J3JbtoJI clJL^>3x> <jju ci 9 \tsdl 

C C C C 

£3j /x&Luoj < cU^ijtJüJI cu^L>\JIX i oÜ3j\JI <jjo £3j PI ^jJLc v-S3jL^j v-SvjLo J3JL>jo i^S 

^jjSj CajJ> i G i = [Xj ; 3_& co jIaüxxj J3 Jb*joJU cuJLjo^>\JI clJL^3joJ| oÜ3j\JI <jjo 



U =R * I ou I =G U 
VGA S 


0" 4 M 1 .—i^q-üJ I 

G .1 l_.j-'Ji I 


! v_sJUl^ J3 JL>joJI cuJL^>3X) 

0 =£ <j .=ÊMx,] 

i=l i=l 

(S.m- 1 ) L^Jlc J3JL>joJLI cuJLxx^VI ■ cj 

mol / £ Pj-C j»x 2 j 3 X- P q jJU ^ 5 ^J 3 J oJI [Xi j 

S.m .mol L^JlC j-^2j 3 Xi ^ssjLuoui^JI £ 3 -*“^ c ^Lu3^^ ^l*J3 j o^ c l«JL^ 3 j ^I 

! ÜSÀjuJâJ ÿJjJOJ 

25°C ëL>p Ju^: C = 1CT 2 mol / i juSjj lS^ /> 3 j^ 3 ^JI J 3 KJ v_sJ|jO J^JLsjO ëuJL^^O iJO 
. J 3 JCSJI i_s\S ôi^^r^joJI cuJ^oJI oLJL^joJI /yj3 JLcxajüuuL 

: J^JI 
: LüjJ 
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CT =^..[ N <] + V[ cr J 

[Na^ q ] = [C^ ] = 10 " 2 mol / l = lOmol / m 3 
l + = 5 , 0 . 10 " 3 S.m 2 . mol " 1 
x cr - 7 , 6 . 10 - 3 S.m.mol -1 
a = 126 . 10 _ 3 S.m _1 


cuJL^S-aJI jjüLjü \J$3u gju ü .2 

2 JVj^püJI JoLuuùJI 

»*3jjl)I o^Su »*_snjJI o\LcLq-JU ci^jujuJU ^uJL^d^joJ I jjj La_qj ^jûu • 

. Lxx^jo o\LcLôjuoJU ôJ^joJI oJL^sjoJb £ÿl3-bU ^lJ^joJI cuJL^joJI ^ju 
<^juUO I3 cLoJI ,jjO JaJL> !_s ^9 cLoJI gx ü\j$jj Jjjùo 2 _ 3j3-L^ — 2 JxlàJü ! Jllo 

: 4 JUI 

C 4 H 9 Q(^) + 2H 2 0(/) -> C 4 H 9 OH(aq) + H 3 0 + (aq) + CT (aq) 


. Ij ^/>&0 Lcx^j J>JI X = 349 , 8 . 10 _4 S.m 2 .mor 1 s X cr = 76 , 3 . 1 g- 4 S.m 2 .mol ' 1 

pjj jo /){jqs> Sî sv5 uuüLUI <jjo 25 ml 3 j-LxûjoJI sboJI <jjo 50 ml <jjuIS v_svS <^_juZ2j 

. 20 °C ^jlj^ ^>p 

J^aJuü t =0 Jû_C jjjüISJI St svS <^«^3 ûIj3jj JjJu° 2 _ 3^3!^ _ 2 ^jjo V= 1 , 0 ml lo^> Jc>b 


. OlSLuoJ I 

Luuüb^iuo £uu^uJ c&jy>ü Jszj .kuJbâJI St svS <jjuLjLII jjcxâj3 ^lJL ^3 I^joJ I <jjuLüjo j+sù 

! v-sJLJI J3JL2JI ^jJLc Ju^i>ü3 J3JbuoJU a(t) cuJL^^joJI 200s Jsu J-^uuuü 


t(s) 

0 

200 

400 

600 

800 

1000 

1200 

1400 

1600 

□S.m' 1 ) 

0 

0,489 

0,977 

1,270 

1,466 

1,661 

1,759 

1,856 

1,905 


1800 

2000 

1,955 

1,955 



■ ^SVjLjOolSJI <*_aSjjoJ ! IjL^J ô j3- j '2jUuoJ I QSZjuÆL} I I^jÜlSI 1 


2 

. J3^iJI J\1 j> J3JbtoJI cuJL^>3 x> 

C ce 

. j3j 3ISJI 0U3JI3 />3jj3 tH ua^3\JI oÜ3j\JI 
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. JxlûdJ />AiLJI J3 Jl> — 3 



J-CLÂjül flJiLao 

RCI(I) + l-Up(l) ROH(aq) + H 3 0 + (aq)+Cl'(aq) 

qJbJI 

p-LfijJI 

6 -jLoJI OLjjCO 

< 

1 

à. 


O 

n o 


\/ 

0 

0 

0 

J^AjJI Jlb> 

X 

n 0 -x(t] 

— 


x(t) 

x(t) 

x(t) 

jLpjJI aJLaJ 

Xn ax 

n 0 —X ma> 


A 

Xmax 

Xmax 

Xmax 


. K 3 H 3 0 + J 3 X^_ 3 X H Q+ cJ\JJu qJL^I^oJI jjuSù gxJüüLjuül _ 4 

s 

ùl G = K.o 3I G = g.— ciJL^I3joJI LjjJ 

0 = v* + a cr = V [ H 3 °* ] + V [ Cr ] 
g = k (V[ h 3°*] + V[«1) 

! v_sJLjJlj3 [H 3 0 + ] = [Q J /)JLûjJI J3JC> <*-jljuüJ>3 

g = k (V[ h 3°*] + V[ c <-]) 

g = k.[h 3 o*](v+V) 

! CUJUI ^iSYLsJlj L^JlC jjulSjJI ^SuCXJ J3JbïuoJI c L*JL^ 3 j0 ^I ^üÜuLajüI _ 5 

/ \ x(t) 
°( t ) = ° f 'x 

A max 

a(t) = [H 3 0 + ](?l H30+ + 1 D ) : LüjJ qjüLJI «tfUsJI 

x(t) 

ûl lSI . Lu b J3JbtoJI jyx> ^jn-û-u J^H 3 0 + J = [C^ J = ——— LujJ />JLûJI J3 Jl> <^jljuü03 

< ’( t )=^r(V + v) 

x f = x max = n 0 : LujJ cluL^jJI cJL^JI ^jJJ J3^^JI Ju^j Lojjlc 

a +X ) oî 

f y \ h 3 o cr ) 


! ^üS\l2JI 

a ( t ) _ x (t) 

“ 5 r = ^: ( ) '^ 

Xmax I ^JlûjJI ^üula_juüI3 ■ Hq _6 




































R 


cujo^^JI i M=92,0g/mol ùl j$jj Jjju° 2 _ _ 2 J cuJ^joJI qJLiSJI ! 

p = 0,85g /cm 3 

n 0 =- • ^ ùIj 3 jj J^o 2 _— 2 J qjjJl ô^LoJI q+oS 

p.V 

. n ° = ~M~ m = p.V ul 

no=9,1.10' 3 mol : ^^Joj 

■ Xmax=no=9 / 2.10' 3 mol />AüJI />JlûJI Ü 3 Jl> «^00 

X = f(t) ^_ 5 vJL>iJuoJI Jju 03 é <jjuLJLII olloJ^J <jjO t cibl>J JülC x(t) JxLôiJI £üüüLjuüI _ 7 

. lSjjlOuJLo ^3j3 L-S'Tc 

clJL^jJI cJbJI ^jJLc Ju^u Lojülc v.sJLcLûiJI AaJLâJI cuJL^æ ^LmJI J3 _)l>JI J\ü> <jjo 

p f =l,955S.m _1 


t(s) 

0 

200 

400 

600 

800 

1000 

1200 

1400 

1600 

. x(mmol) 

0 

2,40 

4,60 

5,98 

6,90 

7,82 

8,62 

8,73 

8,96 


1800 

2000 

9,20 

9,20 



! lSjjuOuJLo k3jS <^$0^ X — f(t) ^5VjL>LiuoJI JuuuOU 


. JxIâJI \JusJ Cb°j$ Jjc-IâJI ic jmj _ VI 

. JxIâJI clc^juj - 1 

. JxlûJI Ipj ^sôJI cLCj^uJU t J3^ijJI juucxjy 

S" v»SVJLuCXxSJI JxLûJI ^LCj^juU Î>JC%J <*_Q_aS 

]ol^ t <ta _5vJ3^l v_$v3 É ^U\Jjy X = f(t) oljuL^jJ JjüOjoJI j^^vjl^lLoJU c L^juüüJIj 1 

qjjl^J <^> 3 joJI JjoLs^xjJI j 3 -Llü .t=30min 3 t=0 <j^jLk»JUI julc ^j\Ju>juoJU q^jujLjouoJI 

9 ■ <Jj*juU louoJ I 



■ Tl jjJüLoJU c L^juüüJIj 
! 3-d3 jjjüLouoJI Ijl^J c L>3xJI JjoIssjoJI 


(2,5 - 0).10“ 3 


10-0 


= 2,5.10 4 mol/min 
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! T 2 J cL^juüuJIj 


k 2 = 


! jjjüLouoJI Ijl^J cl>^joJI JjoLs2joJI 
AX _ (2 ,5 - 2, 3 ). 10 3 _ = 0 07 _ 10 _4 mo| / mjn 


At 


30-0 


JjoLaoJI < 2-0 ^jljuuLâjU JxLûJI CLC > juU OI LoJLc _ 2 

t clLüj JulC X=f(t) I <jjuLouoJ <^>3joJI 

T Lâju ^pl Juljju JxLâJI ôc-juuj 

J^LâJI ^LCj^juU OI jjjjûU t QJLjuüJI wLjuUL^ï: j^jJO 


■ Ju ^ 3 l 9 Lüu 

ÔjZjuuüJl 'JSjSÙ ! JcUaU ^UOmJI ^CjjuoJU VJÜjAJ 

px> <ùjc*j JxLûjJ t <üô^JUI jülc v cujo^^JI 

c Lfc_juüjJ U JxlüdJ X />JlQJÜ I ^lüjL juJLO CLOsjJîJ i V Oub 

! V /yxzi\ ^jJLc ^Ijo^-juulûjo t t c Üa^JUI JlLC <jjojJU 


1 dx 

V = —— 

V dt 


. <^>3jo jIjlûjo J^clûiJU clcj^uuJI 

. J^oJb x 3 m 3 v V ù_c >+ a :! o^> mol.m^.s' 1 : oIj^JU iSvjoJüdl />lbüJI ^*3 

. mol. I' 1 . min : Uio aJLxc oIjc>3 JLjï> 
<^5^ LuOu^ ^S^-Ls-ôJ I jSjjil I cj \) Ju LojJU I ÔCj^jujJ I I i^JU ÂS^ 

a 1 Q a a J 


12 ^1 v_SVJ LiuJ v_S^-Ls2_ôJ I 

^n(I 2 p 


v = 


1 dn(I 2 ) 
V dt 


21 


V 


dt 


dpj 

dt 


. JclfuJU cUjocuJI <^-C>jüuJI JüJLàJ <j)>b 

I-Lpj cù^joJI JjoI&oJI vLuüj> 3 X=f(t) ^jvJc^ijuoJLI <jjüLouoJI /xjuüj v_jJLLaju ! ÔjüLuüoJI QJUjJsJI _ 
. J\L> Oui) ^jvJLu lSjJI J^JbtoJI pcxz> ^jJLc cUxjuülûJ /xj . <jjüLouoJI 

. Xj 3 tj 3 V /xjJlII O 0 l» 9 ^LLül Vj cLCj^uuJI vL Juü ^ > G-° ôj-aJjLuo <j*Sucxj JIo^juuU _ 



■ ûJDjJI JcIâJI à&j.jjj j$3oj 

CLCj^uüJI vLuüL> J\1j>' <JjO dJU_xS J^Lu ùl <J>5uOsJ 

S50ÜJI JoLjüjJI v_s\ 3 J3^jJU CLuO^i^JI 

J\Jj> ^^sLüu JxLôJI cLCjjuü ùl ^jJJ Ju^>3Ü3 

: ùl jj^JbùùuUÜ CIjoLc CLû^U ùi>! 

v^LxxjiJI J3^ùJI J\L> ^yaSLli JxlûiJI CLCjjuü 




■ JxlÂJI ÜLâj yJOj — 2 

^svjjl CùJuOjJI ÔJuoJI 3^> t tl/2 JxLûjJI ÙL^Ü O^J 
clajI^jJI c Uj0saS x ^jlqjJI L^s Ju^u 




























































































R 


Xf onjI^jJI ( o\LcLâJuoJI v-Sa^\J s^vi^JI J\4 ^juüI /xij Cjuj> ) LIS olS N 

X C _c 

X — —™ ax uc^Sj ti/2 JlLC cul lSI i X ma x ^_5 Vu ^^^l ^JlûjJI 

^Lo*SJI JjP*ûJI cL^Jü\J CU)j\UI CUJuojJI ÔJuoJI /XjulÜJ ^jjO <jSuOJ : JcUJI VÂagLÎ ÿJOj QjUOtâl 

jjjü3jJuoJI jC)JaJ g-ûüJ cloJ\LoJI cuL/jiaJI jLo*j v>jJ*joJI IJL&3 jjju3jJuoJI 

: JLîuo 

. CUUJ2JO CUJuOj ÔJUO V_jJLLbU ôjjLaoJI 

! JxlftjJl ÜLâÜ yJOj yJ U&l 

l^Luuu LoJlûj ^9313-1 lSâJI 1 1/2 JxLûJI w-ûj^ü <jjoJ LuLoo ‘ J3\JI ov-ujJsoJI JoLjojJI v_s \3 

. ^_5v^iS\JI /)JlûjJI kJl^u 

X 

- J ^ 2L - = l, 35 mmol ol Xm ax = 2 , 7 mmol 

x 

- J ^ L - = l, 35 mmol clo^JU AüsI^oJI ti/2 o^ OLuuoJ I ^jJLc 

ti/2=0,6min LjU* 

jyuuULftjJI . V 
iSjl'pdl - 1 

L^JL sz2v Louo t cuilS-^J lC 3 cioJb cLû-^ü3 clc^juüu gjLo ^svS ôJl>I3^joJI LocxjySLII oÜ3SjoJI 

colj Lois é lS3S ^ssjüls^ gLxOjl lsI cl>j^ cas^ûJjI LoiS . &süjjo L^juu LxjJ /)^L^üj 

. Lgjo^L^ü oÜ3SjoJI ôJlû} oLcjjuü /yjS 

oLü>> ^_sJ| oLujj^JI ôJlû> Jj3^j <jjo oLo^L^üJI <jSuoJ B2 3 A2 oLüjj> <jjo O3SJ1U -kuJL> ! JLüO 

. AB 

/jjJLouaj ljLd>3 A-B u^jJojIj O3S0I B-B clLuIjJ^ A-A clLuI^JI j^uaS ^jl^j \Jls 9 /ï^L^üJI 03SJ ±sSJ 

. JlsS jqsLæü dJLifc O 3 SJ St svSJ CL*^ 1 ^ AsUaJI ^jjO cu^ jj^3J 



t 

A —A 


% 

R—B 


_ U - .. Il iil. 



A — B 


9 

A — B 


JLel 9 >à£ 


JLel 9 jü^Lûj 


ëuSpdl Jjol£*JI _ 2 

ôjuo J\L> cdcliujoJI cluLou^SJI 0I/3SJ0JI <j^j Jl^s />$Læü O3J0 JLoa^L J-cLûjJI clcj^uj 

■ cuz^Jjjo J^LslJI clCjjuü Oul LoiS IjjiaS JLo^O>\JI ÜJjï> OlS LoiS ■ cu^j^jo cujuoj 

v^OjüJI jjvSjjJI jjJü • 
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JUU 3 û+SLO ÔA^rl^juoJI ob^^uoJI JlC Ju jJ LoJülC oLo^L^üJI JujJ 

. Jla9 /ol^ü CJ 3 Jl> 

. ÔjjuS JxUJI ^lcj^juü cJLS LcxK I&âjjjo o\LcLsüjoJI jjSjj olS bxlS 

àj\jsJ\ à&jï jjJU • 

v_s\3 ô^bjJI ^.jJJ lS^3j Louo sSj^pJI £,LûJjI ^_sJJ <-S.b3J ôjLpdl £,LûJjI 

L^sUo v_s\3 ô^bjJI lSI L^jLCjjuü £,LûJjI ^.jJJ cl9Lo\JLj <^Ljcxa 5JI ob 3 SuoJI <j-u oLo^L^üJI 
às>jï CjuIS LoJ5l 9 »,_sJbJb 3 . cUla9 oLo^L^ü CJ 3 J 0 JLoûl^I kS^B ô^bjJI vjJJ lS:> 3 j lSâJI 

. àjjuS JxLûiJI clcjjuü CjûIS LoJS àsùüjA 









2 c d juüJLuüJI gLoaUl 
JclÂJI GICjjuJ - J y ü J OJDjJI g j uüJ 
ôjJüjjvd ^o^lc Uj^JISü cul LUI 
2008 - 2007 

OjjIaaJÜ J$CU gjuü 1 jJJjJOJ 

^SvJûSLaJ t &J£LU JJbïLJ v.^VjLOïlA-juaS^ v I cloJI ûj . j^JûjCxS JjO^^jüuüU^ oLJ-U^JI v-5^ v»50-C*L^juU1^3^I êLoJI J^JL^jO ^ Lü 

. 2 H 2 0 2 (aq) —> 0 2 (g) + 2H 2 0(£) cihLaoJI lSS JxLâJI chs^h^s^I usvJLJi 

; £ cLoJI J^Jbïuo ,jjo V= 100,0ml Loj*o <jjuIS v_sv3 v _svjsv^h'^ 3^ cloJI JJbd cOujIjjJ 

. t=0 Ajlc C=6,0.10" 2 mol/I 
: cUjj^JI J\L> ciJLzi^jo guLu cLC^joj^jo ^ÜLà_AjüI J3_}c*JI v_sv-bs2j 


t(min) 

0 

5 

10 

15 

20 

25 

30 

40 

60 

[H 2 0 2 ] 

(10' 2 mol/l 

6,0 

4,7 

3,8 

3,0 

2,3 

1,8 

1,5 

0,90 

0,28 


3 t—0 -XjlC AkJI -^ I CUJI Ô^Lo CLajOsS nj(H 2 02) 43\Lc (^ÜuuLjuJ^ t J^làJI ^0-X.QJ j3JqJ Ü3_)L> _ 1 

. x />jiüJI 3 t cdâj^JUI jûx- cLoJI ëolo cujcxS n(H 2 0 2 ) 

. oLuuLiUI J3-)L> V_sv3 <Üj*1juUUoJI OÜÔ^JUI <^âJLo*JoJ CLljuUüJIj X ^JUUL>I _ 2 

5 min <-> 1cm 

: /xLuaJI JLo^üujIj x=f(t) cUIjJU JjuouoJI oLaJI Ja> _ 3 


0,5 mol <-» 1 cm 

S çüjj^ujJ IsLo . t=30min 3 t=5min o* 


J co. 


jûc JxLâiU cujoj«JI clc^juoJI LûLjuo _ 4 
. JxlâJI I_Ld) ol LoJLc £ JxIàJI < SL *Æü (jjOj (jjX _ 5 

2 

dLjJuj3lSJI gjo CaC0 3 />3j-juulI15JI cj\j$jj£ Jxlâ^j 

O*C0 3 0) + 2H 3 0 + (aq) -> C0 2 (g) + 3H 2 0(£) + Ca 2+ (a^) 


: cj^lsxJI 


A= 100ml Loj^> £ /)3^juJ15JI oÜ3jj5 jJjo ô^>3l3 cl uOsS ^jJLc £ cdb> 3 j> v _ S v 3 £ ^JclâJI l_Là> àuSjS> cLjuüIjjJ 

. C=0,10mol/I jj£jïi\ lSS dLjJuj 3 l 5 JI vÂjy^ J 3 Jb*uo <jjo 
v^svIdIIojo v 3 ^I clIq-juüI 3 J cdb> 3 ^ JojÜ^jo £ .bàziJJ Ja9\J cib-juub güLJI Û3 jj5JI Jl^uo^I v_sOLui -bà-b ^hjuJü 

. 298K ssî 0 = 25°C 6j^}\ ^ V =U bb Lo^^bJI 

. cdLzi^joJI guLJI cbLô-juul J 3 )c*JI 


t(s) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

P(C0 2 )(hPa) 

12,5 

22,8 

33,2 

41,2 

48,8 

55,6 

60,9 

65,4 

69,4 

714,7 


. q]cl >J jllc 2 ) û 3 j^) 5 JI Aa-juoS^I v_s^jbu ô^Lo ^jljuul>! £ clLoLSu I oljlâJI c l 3 \Lc ^j) ,aaIo lj 1 

. n(C0 2 ) 3 X ^>0JlüjJ I Quu ci3\lsdl goJLLjuu^ t J3^^JI j3-bü J3 _Xj> v^^jLuüI _ 2 
. cnoj-H cJ\Jju X ol^sJ JjuouoJI ûbuoJI hd> _ 3 

güüuLJuu u IsLo . t— 50 s 3 t—0 q.j.iIô^IJI jllc Jcbbü c^yo^j^Jj clc^-ajuJI ^ 
: £ jl^joJI Jxlà^joJI 03^3 H 3 0 + (aq) oÜ3j\JI 0I3 ^sJS J^LâJI ol LoJLc _ 5 

Xmax » 5 Nj^i 9 \JI />AÀjJI I 

■ tl/2 J^LâJI <Jlæû ijjoj _ v 

V>l3<*JI JJLc . JxLâjJI Ijlû^ j 3lo/ gjuLi O^ 0 ^ <-S>>l cLqjjJo £>^ 3 l — 6 

3 u j>oJ 

ciS^ lSS ûljjuo ^svJLc jjûOïjoJI ^3 jB£*j ■ 60 mmol/l ùjjSjj dJLJLjua$3\JI ijÂxys *J Si \J3Jbfcj0 ^jJüoju CJ3LU0 jbo[ Jujj __ 

<^5L«uZ) oIj3L J 5 JjLj ^sJLc dJLJLjua^3\JI u^u^> : cuJUI ^Luou^JI ^I3 joJI. cu)j\UI <=Lo>\s>jJ\ v_sol3\JI3 cuJLc 

àjjSjj /)3j-Aj^b3jJI oLo3jS v_svjLüJ vèjxzuz J3Jbtuo3 jlaüjoJI 5L0JI3 jSjjoJI dlçûjjLSJI u ûxx>3 (H 2 C 2 0 4 , 2 H 2 0 ) 

. 16 , 7 mmol/l 

Si J3JbïuoJI qjo 100 ml jjuæczjJ cuoj\iJI dJUb^3^ll o»Ij3JL qJjS Lo _ 1 

. Si J3Jb*joJI Jjo^JI cLaj^b 
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oLo3j5 v_suLu <jjo 50 ml 3 Si J3Jb*xxJI <jjo 50 ml <jjo Lu Ju ügSuo -kulU c CH 0 ^! ^J\Jju i j3-LüJI — 2 

. Ij3jJ I 

! Ch^ JcLô-jJI ^ Lsjo u-jûîSI 1 2 

Cr 2 0 2 ~(aq)/ Cr 3+ ( aq ) 



C0 2 / H 2 C 2 0 4 


Cr + ot/ 3 j\JI gjûüu 3 t cüub 6j\js*}\ cl>jJu iciQjszj 
: v_sJLJI ^jvJl^juoJI ^sOLc JuZi^ji9 < JxLâJI ÿx cl^jLJI 
. J^làJI Ijl^J V ^joj«JI clcj-juüJI <j^>c 2 _ 2 

- 4 C> *1 




V V JojjJ «^svjJI c(3\Lsdl v_s^^ Lo 


. t=50s 3 t=0 ^jlIô^JLII julC clc^huJI ôjl& :>jl> 3_2 
T Cr 3+ oIj 3 j\JI clJ| J 93 J sSjJI jl^sJI 3 ^> Lo 4 _ 2 

. JcUJI ^jjOj ^L ju uLajJ I 

Ijl^J clc^-juuJI t Lâji5 juujS 5 — 2 

. J\b> JcIàJI 

( c U juüu>9 Uj^JLSü ) 4 vjj^oJ 

dJULuü <jjo cLuÜJI cU-juuJI Jluo\Jj . oljlsuJI u^LlajULajuI /xla; ,j^laju £ 3 ^ 3 ^ Ü 3 > ,^LzijL>\JI SAsLLo Pq >jujuo jLbJ l_s^3 
Û 3 JjÜI Ju-jua^l v_svjLu jlc cüb*uuu 33 ^Lzij ül <jUouoJI <jjo ^_svjJI 3 ôjlâjo ^Lujl5Lüuü\J cLuoJLc />LüJI Lj3J15u 

\JJ ^jJJ ôjlâjoJI Jj>b t sS^ 3 j ciaûjjjo Jl> clLiljuuü Ü 3 U LoJûC 
J^rl o-° . ^La-ajuJLaSJ I v_s^9 ^ 5 ^> 9 joJI CaC0 3 _/ 0 _ 9 _>_«jmJLSLJI oli£j_>S ,_svJLc cLyiaojJI AjjbJI ôLjoJI _*«jb ü^j^JI 

Lô -jJI Ijlû ^! j cojl*jo\Aj l _sJLc cLajo^aSJI ib_ujl ^jjs\ I I \i^> i çvl_c jjS\ ^_9^slaJ 

: oLJaao 

25°C QjjJzjJl JM> _>+iitjoJI àj\y> — 
P atm = 1 , 020 . 10 5 Pa : ^s^JI WJI _ 

PV=nRT : J^KJI jlâJI üsUc _ 
R=8,31SI clLoLSJI oljlàJI c^b _ 

M(C) = 12g / mol,M(H)lg / mol,M(0 ) = 16g / mol,M(Ca) = 40g /mol : cu,jJI «U^joJI JiSJI _ 


c ly£ 

. jLâJU CUJ 3 J 0 JI cLLUI M ol Cjuozj d = : sl 3 _pJU culjuoJIj jlc C 13 US _ 

O 3 JJÜI JlljuoS 3 I v_svjLu 03^3 gxjüu . dJjjJuj 3 lSJI u ^loj >3 /> 3 jljuuJISJI oÜ 3 JjS <j-u JcLâJI £ ciJL> 3 j> Jj>Iju 

. £jJuo jLptjo cLoJI JLaül clLljuüI 3 J 
v_sv 9 clc^ajuu Jj>jû t=o cüô^JUI julC ,0,1 mol/l ôjjSjj dJjjjuj 3 lSJI ^jo Vs=100rnl Lo^> pJL> 3 j> ^3 ^_juzu 
/xjl 9 oLujLüJI J 3 Jl^ij J^uuuü . cxüjjoJI ca 33 JI ^hjlôj v_svS J^jJjü 3 CaC0 3 (s) /) 3 j^juJLSJI oÜ 3 jj 5 { jjq 2,0g pJL> 3 ^JI 


. sS 3 J^JI .LaàzJI LS 3 LUUU jlâJI . t J5 J\b> c ul^ JuZi^uoJI Û£jj5J\ JuljujS$\ v_ 5 uLui /yx> 


t(s) 

0 

20 

40 

60 

80 

100 

120 

140 

160 

180 

200 

220 

V(C0 2 )(ml) 

0 

29 

49 

63 

72 

79 

84 

89 

93 

97 

100 

103 


t(s) 

240 

260 

280 

300 

320 

340 

360 

380 

400 

420 

440 

V(C0 2 )(ml) 

106 

109 

111 

113 

115 

117 

118 

119 

120 

120 

121 


UI *ui 

juOuUI qJj^oJ 

J ^JVjLuOuUI l- 

3 ^üJI ci 


CaC0 3 (s) + 2 H 3 0 + (aq) -» C0 2 (g) + 3H 2 0(£) + Ca 2+ (aq) 


S gjOJ^Û ol jlàJI Ij-pJ < J^uOsJ ôjlâx)JI QjO lSI ■ &l^-^JU CLljuUlJIj Û3JjÜI JU-juül53I V_S^jLu jlc ClSliS k_jLJuüJ>l _ 1 

. oU^LalxxJI JU cLuJüJI ô^LoJI cUjOsS - 2 

Jc*joJI JxLâüoJI 3 ^ Lo . X max /jJlsUI gaii-juul 3 . JxlàJI /jJlsLJI — 3 

t=20s cÜôUÜI JulC cUjOuJ u-j-juuoI . R 3 P a tm 3 T 3 Vco 2 t ciibULII JulC X /)JLaJI j+jSÜ 1 — 4 
































































































































x en mol 


? v_slS Jcl&JI IàA . 4j_psiJI bgjuili i_s\3 clic \J^x>J\ 1 j5uOjoJI lS^üUI v_jljujij>-I 2 _ 4 
1 oLujoJI _>JôjI X=f(t) <J i_£vjLujoJI J+ioJI ! ?vi_C LLa ^-3 X <_iLuuO- _ 5 


5.0E-03 

4.5E-03 

4.0E-03 

3.5E-03 

3.0E-03 

2,5E-Q3 

2,0E-03 

1,5E-03 

1.0E-03 

5.0E-04 

0 , 0^00 



0 100 200 300 400 500 

temps en s 


J\L> 4x_huoJI j+àlj <JlS . J^JbsjoJU V$ /xj»JI 3 X /jAiiJI JclàiJU clc^jujJI j+jSü Jacl 1 _ 5 

. ùLujoJI J\L> qjd vls^l Jlc T o^jJI 

■ c Uj0j3 LajLujO ■ t^/2 J-cLojül 2_ 5 

25°C ,jjo _)àz>l Lg-9l^j<o-ojl il_ > oJI ôjlàoJI bj\y> — 6 
. t—0 cOa^JJI JUC JxiLfljJJ 4jjoj«JI ^jjuuJI ^sJLc <jjl_pJI 4jr_p Jolaisjl _*Jb 30* lo 1 _ 6 

. 4jbül ôl£> v_S^9 X /jJiÜiJI jgJ qj ,_S\JC*JuoJI JSbil) Jio 2_6 
. l jjo_jJI 4j\Jju J^JbtÆJU (7 4jJLz>3joJI u-uLüj _j3 IqxJI ll£> (J^uoj _ 7 
Oüb 1 _s\Üjj G_>j5_ÿ3 J-ctàiJI i_sv9 sSjJI ü3j\)I :>Jo . J^JbtoJI (_s\9 0 Ji>l 3 ioJI ob^j^JI :>_>>! 1 _ 7 

4 jJ 3 j\JI 4jJLz>3joJI ül LoJLc 4id>-\LoJI ôl£> i—iLulO C 13 JJ _^jCa9 . cbJL^oJI yûSLj 4j_c*jJI J\L> ,jjo Id>-\b 2 _ 7 

: 25°C juic oÜ 3 j\U 4jjoj«c»JI 

/l =35,0 mS.m 2 mor l 

h 3 o 

Â Ca 2 + =12,0 mSm moV 1 
A = 7,5mS.m 2 mol 1 

. t=0 _xjlc J^JbfcjoJU G euJL z5^joJI 3_7 

(j = 4,25 — 580x : ëulUI ëi3\isdlj x /jaüJU clIojJjjo cuJL^joJI ol 4 _ 7 
. /)JlsuJU ëUjuuuJ U J^JbfcXxJI ëuJLzî^jo 5 _ 7 
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cLuosxSü! ^Loj 
2 qJLuuJLuüJI 

IâJI <IC j-mJ - üuLoy;5 Ü^üJ UNÀOjJl gjuuü l 

1 

: JxLâJI /)Jlûj j.9-tü J3 _)l> _ 1 



cda^JUI Jül£ ij I cLoJI Ô^Lo QuJàSÿ CLuJuJI ^_SvJl;aJ^la-juü^ tLoJ I CLuCxS QuU ^Ld\LsÜI güüùLjua J 

: t cdàj*JUI J\L> LujJ /jaàJI J3_)c> 

n(Hfi,) = CV-2x =, x = 1 (CV - n(H 2 0 2 )) 

n(H 2 0 2 ) =[H 2 0 2 ].V 

x = ±{CV-[H 2 0 2 ]V) 

'. oLuüLaJI J3.I1> ^3 «UjïjjüüoJI ollà>JUI v.o.b.’àjoJ cu_*jjuJU X vbuJL> _ 2 


t(min) 

0 

5 

10 

15 

20 

25 

30 

40 

60 

X(mol).10 ' 3 

0 

0,65 

14 

1,5 

1,85 

2,1 

2,25 

2,55 

2,86 


: oLjjoJI _3 
(1) J5L«JI >küî 



t=30min 3 t=5min J^UdU ci^h^JI LjLjo _ 4 

(jjjlouoJI IjLpJ cl>3joJI JjoI&oJI v_jLJuaj«ü3 t=5min 4 Jà>JJI julc x=f(t) ^_s^LsùJoJU (jjjlouoJI JjùoJ 

: t^J-c 






































































































v(t = 5 min) = 0,925/77/770//15 : ^ J^UJU cuo^JI clc^JI o£ü t=5min cdà^JUI _uc 
v{t = 30 min) = 0, 323mmo//Ls : ^ JcLüJU o^j t=30min «Jà^JUI jùc 

. cÜLclàioJI jg loi J\L> (j^aSLju JxlàiJU 4 jjcxj»JI às^j-ujJ\ ùl QJJJ^ujj 

: JcIâJI lÂ^L) _ 5 

QJj0u3 'JlæüJ l^Luduo X £UuZÏJ v_svü CUj3>zJI ÔJuoJI tl/2 3-Û^ J^LâJI V_â^Ü ,JJOj ül V-QJj^JI 

: clJL^jJI 
X 

-y- = 1,45/77/77^/ =^> f 1/2 = 12,5 min ol lsI x f =2,9mmol LujJ 

2 ûjjjoj 

; cJô>J _XJl£ n(C0 2 ) Û 3 JjÜI Jü-juià^I v_S^jIàJ Ô^Lo CLuCxS vL juUl::: ^ c ÜjoISJI oljlâJI Cis\lc ,^ 9 -Joj _ 1 

PV = n(C0 2 ).R.T => n(C0 2 ) = jÇ 


n(C0 2 ) = 


ÎO' 3 ./ 7 

2476,38 


t(s) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

n(C0 2 )mmol 

0,50 

0,92 

1,34 

1,66 

1,97 

2,25 

2,46 

2,64 

2,80 

2,89 


; J3>üJI j3-^ü J3_vj> — 2 


L.liOüJI 

i 2/V 3 C ?+ ((3i7) ~^ CC^(^) + £Tt3 2+ ((3<7) + 3 H 2 0 

âJM 

ÆJbàjJJ, 

û^LoJI oLjq5 


0 

fjjfl 

CaV a 


0 

0 


JclâJI 

X 

jfyj-x 

C a V a -2x 


X 

X 


WlâüaJi 

^max 


■H 


^•max 

^-nax 



! v-sJUl^ ü35uljuu v_sJLJIj 3 n(C0 2 )-X ül QuuûO J3 Jl^J I J\L> <jjo 


t(s) 

10 

20 

30 

40 

50 

60 

70 

80 

90 

100 

n(C0 2 )mmol 

0,50 

0,92 

1,34 

1,66 

1,97 

2,25 

2,46 

2,64 

2,80 

2,89 

x(mmol) 

0,50 

0,92 

1,34 

1,66 

1,97 

2,25 

2,46 

2,64 

2,80 

2,89 


X=f(t) oLuoJI ]od> _ 3 
















































R 



t=50s 3 t=Os julc J^LâiJU clc^juuJI — 4 

jjjuIouoJI IjLgJ <^j> 3 joJI JjolaxJI v_j-juul>ü 3 t=50s 3 t=0s cl^l^JUI JulC X=f(t) ^^vJl^ijuoJU ^jüLosjoJI JjuoJ 

: ^jOLc Juzi^mS 

l/(f = 05) = 0,0525/77/77(9// £S : JcLâiJÜ ^«Jl clcj-jouJI O3SJ t=0s cdô^JUI JulC 


i/(f = 50s) = 0,039/77/77(9///.S : JxliüJU ^«Jl clcj-jouJI 03 SJ t=50s cü^JUI ju^ 

. cdLcLâixJI clc 3 joj^joJI j 3 -kü J\L> <>*9 Lu JxlsuJU <Lxxj«JI clc^juuJI ol gaiouuü 
: v_sv-â-^sJI Js-k> culs H 3 0 + 3 _q> Jc^joJI J^LlôoJI 0 I 3 v_sU^ J^clâJI ûl cüb> v_sv9 — 5 

Cy A - 2X^ = 0 => *_ = Ç& = 5.1<rW 

>>b JcUJI Ol L 0 U 3 v_svjLp-JI />AiLJI U 3 LJUU 0 />JlûJI £uuZïj LoJlâ-C clJLc JxlàJI <jjoj 

^JvJL: v_$\jLuuoJI J^ÛjojJI v_s ^3 ~ — 2.5/77/77(9/ ! <> _5\j^ 9\JI ^oAüjJI ^sl^xj l^Luuu 3^,9 


4/2 = 725 
6 

. û^j-H %JO jjSÜJ' />3jljuuJ 15JI Û 3 AJ /jJlsLlII 

3 ûj>oj 

: Si J 3 JbïjoJI uh° lOOrnL cloj\UI dJULuaS^I 0 IJ 3 JL qJLS _ 1 
! v_s^ ô^loJI cujo ^3 jjSjjJ\ qju J cujj v_soJI ciS\J-C ol /dsii 


Si J3JbüjoJI { jjq V= lOOrnL j+*£C*ü J»>l <jj° ^JLILuo^^JI oIj 3JLJ cLoj\UI q JLSLII oî lSÎ 


ç = 


n 

V 


n = C.V => —-—-- 

1 M{H 2 C 2 0 A ,1H 2 0) 

m = C,V.M{H 2 C 2 0 A ,2H 2 0) 


= cy 


. m=0,756g : sS^ac ^^Jcü 
■ (JclftJI 3-talao 1_2 
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Cr 2 0 2 (aq) / Cr 3+ (aq) 

Cr 2 0]~ (aq) + UH + (aq) + 6e~ = 2Cr 3+ (aq ) + 1H 2 0(1) 
C0 2 (aq)/ H 2 C 2 0 4(aq) 

2 C0 2 + 2H + (aq) + 2e~ = H 2 C 2 0 4 (aq ) 
x3 H 2 C 2 0 4 (aq) = 2C0 2 + 2H + (aq) + 2e~ 

Cr 2 0 2 ~ (aq) + 14 H + (aq) + 6e~ = 2Cr 3+ (aq) + 1H 2 0{1) 


3H 2 C 2 0 4 (aq) + Cr 2 0 2 (aq) + 12H + (aq) —> 6C0 2 (aq) + 2Cr 3+ (aq) + 1H 2 0(£) 

JxiLfljJJ ’JijjSù 2_2 

1 dx 

v = —— : 4JLJI 49\kJU JcUdl l_LgJ cu^^JI 

V dt " 


d[Cr 3+ ~\ 




. JxLâJI X ol 
3 cLuoj«JI clc^juuJI V Quu JojjJ v_s^JI <=L9\JLsüI 


: Lujj JxlàJI Ijl^J j3JoJI J3_)l> 3 JxlâJI cJ^lsxxJI ^ 

n(Cr 3+ ) 


n(Cr 3+ ) = 2x => x = ■ 


1 dx d 

v = -=^-v =— 

V dt dt 


r n(Çr 3+ )^ 
21 / 


1 d[Cr 3+ ] 


dt 


i^Lujy 3 jî >3 c^^joJI JjolaoJI oLujLouoJI 4üjjJo cUojjjI^j 3 _ 2 

! t=0s U cL^juüuJIj 





f^[ Cr3+ ]l 

A t 

dt 

\ J 


= 0J5mmol / £5 


y t= 0 s 


K 


v - — = 0, 315mmol / l.s 
2 


A [Cr 3+ ] 

fd[Cr 3+ ]^ 

At 

dt 

\ J 


K' = 


k' 

v = — = 0,063 mmol / l.s 
2 


■ t—50s J ^l*-juuuÜIj 

= 0,126 mmol ! l.s 


Jt= 50 s 


: JxlàJI v_sv-â^3JI J3-X<JI J\Jj> qjo 4 _ 2 



3H 2 C 2 0 4 (aq) + Cr 2 0 2 (aq)+ \2H + (aq) 6C0 2 (aq) + 2Cr 3+ (aq) + 7H 2 0(l) 

iÜbJI 

/) JLÛjJI 

mmol v oLxxS 

cuJjJI 

0 

3 

0,835 



0 

0 


JclàJI J\L> 

X 

3-3x 

0,835-x 



6x 

2x 


CLulgjJI 

Xmax 

3-3x max 

0,835-x max 



6x max 

2x max 
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: JJLsjjJI . oIo 3_>5 <_s\jIju OÜ^jI I Iàû i_s \3 JouJI JxlàioJI ol Jà>\b 

0,825 mmol < Immol 

0,835.10~ 3 -x max = 0 => x max = 0,835.10“ 3 mo/ : $£> ,_s^i9\JI /jaüJI ol9 usJULs 

ùt sSÎ 

n(Cr 3+ ) = 2x max = 1,67.10 ~ 3 mol 
n(Cr 3+ ) 


[»"]=■ 


y 


[Cr 3+ J = 16,7 mmol / i 



v_sJLâj oli^ul ciJJ J33J sSjJI Je*JI 3_û^ lÀû*3 

. oLo3jÜI 

! JxlûJI <J/Lu£U ^j~Oj (^ÜjuOuüJ 

l^Ljuu X /)AüJI gju£u LoJulC 3_ûi JelâJI kJl^u { jjoj 

cJbJI ÔJLû} i^S^B V-S3LuUU 3 -û !>3 v_S^jLpjJI /jJLfijJI kJl^Û 

: v_Sl /)JLûJI 

X [Cr 3+ ] 

k = 8,35 mmol / Ls 
2 2 

ti/2=35s ^jOLc oLxxJI J\b> qjo 

4 ûjjæj 

! û3j^5ÜI JULJUU 1 S 3 I v_s^jbu j Le ^isLiS v^Lajulp'_1 

d= Mmi^ d=li5 2 

29 

o^Lo\JI ^jo^ljla-juü oj\ lsI qjo c ^i9liS jj^\ 03 jj 5 JI ju^oS^I ^^svjLu jlê ol ^juuüj < 3j^L*juJI ôjjî) J\L^ ^jo 

. ôjLâxxJU ^jvJLô^uuJI 
! oYLclâjûoJI ëolo c L«jo^ v»Ljuul> __ 2 
! /) 3 jû 3 ^ua$ 3 \JI OÜ 3 jI ëolo c LuOsS 

n 0 (H 3 O + ) = CV S = 10 -2 mol 

! • '1 !I obÿj^ £>:>lo c Ujcx$ 

m . « -o -2 


n 0 {CaCO 3 ) = 


= 2,0.10 mo/ 

M{CaC0 3 ) 

: JxLâiJU J3 _)l> _ 3 


JcLôJI cj^lax) 

CaC0 3 {s) + 2H 3 0\aq') -> Ca 2+ {aq) + a? 2 (<?<7) + 3/y 2 <9(^) 

4JL*JI 

/>jlüJI 

(mol) ëoloJI oLuosS 

sujJI 

0 

2,0.10’ 2 

1.10' 2 

0 

0 


JcUJI J\L> 

X 

2,0.10‘ 2 -x 

1.10' 2 -2x 

X 

X 


clJL^jJI 

Xmax 

2.0.10' 2 -x max 

1.10 -2x max 

Xmax 

Xmax 



■ i ii f„ , f f /7 0 (// 3 <9 + ) n Q {CaC0 3 ) „ , .. „ 

J^La^joJI />3r^3J3^l 0U3JI Ol £OjLOuuûS -—- 3 -—- Ojloj : Jô^jcxJI JxLqJjoJI 

! ^_ 5 VjZiS\JI /)JlûJÜI ^üuuOuuu CUU 03 . Jl^joJI 

1-10- 2 - 2x max = 0 => * max = 5.10- 3 mo/ 

1 _ 4 

: Ol S?£<*JI JaâzJI v^Luuu <3Jaâz>3 JxlâJI l_Ld> J\Jj> O 35 L 00 JI 















































x en mol 


R 


P m V^ =n{CO l ).R.T 

clLôl^JUI JulC O^SjjoJI Ju-juo^sI v_^L^ jLc ô^lo cLycxS ois JxlâJI /)Jlûj J3-)l> 

n(C0 2 ) = x 


^atm ^C0 1 ~ X.R.T => X — 


P V 

r atm mV C0 2 

RT 


V CÛ2 =29m£ = 29.10- e m 3 

1,020.10 5 x 29.10“ 6 i _ in _ 3 , 
x = ———— -= 1,2.10 6 mol 


8,31x298 


: qJLolSJI oljlâJI 33 \JLc ^_s3 v&qsl) 
oLujLüJI J 3 _l> ^juul> LjjJ t=20s clIcl^JLII aic 

: clqjLuuJI ci3\lsdl ^3 


: ôjlûü v_svS clJLc J3^l^JI q^uouoJI lS3^lqJI 2 _ 4 

^ = X ^ RT => Kn.™, = 1,21.10-W = 121/n/ 


C<9 2 max 


atm 


jo\j JcIàJIs v_sJLJIj3 V C o max — Vco fi na i — 121/77^ ûl oLuuLiiJI J3_L> J\Jj> <jjo 


C< 9 2 max C0 2 final 

dx 

. X = f(t) <^JC*JuoJI <jjüIouoJ <^>3joJI JjoLsjoJI JjuOJ - 

dt 

<jjojJI gjo ^^Lju cl> 3 joJI qJLolax) ûl <juuiij ^âJLjiïjo oüa^J ^s3 <jjulouoJI JuuuoJ J\Jj> <jjo 

. t <jjojJI 8 h° J^dLôJiJU cLuo^«JI cLC^juuJI 

cLul^jJI cUjOu^S kJl^u ^jJJ L^S v_soJI CLuuojJI ÔJuoJI 3 Ü I J^lâJI qjoJ 'Ju.jSÜ 2 _ 5 


x { t m) = ^Y L = 2,5.10 3 mol => f 1/2 = 57s 


! ol 1 _sOlSJuoJI J\l> QjO 


J 3 I ü^Sjluj t=0 ê^JêusJLJI JulC JxiLfljJJ 4 jjoj«JI «^c^jujJI u ÀQ.>-i.;->.i.) ôjl_pJI ^Lààül jun 1 _ 6 

. (25°C) üUbJI o* 
(1) csv^uJI : J^JùJI M _ 2 _ 6 



100 


400 


500 
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H 3 0 + (aq),Ca 2+ (aq) r Cl (aq) 


\ J^JbtxJI v_sv9 ô_)l>I^joJI oIj 3 j\JI 1 _ 7 


. O^jI JxLâiJI J>Jüj \J v-SjJI û5j\JI 

: J^JbsjoJU cuJLzj^oJI jj-juulûj 2 _ 7 
/>3jÛ3_juu 5\JI ob^jl ,jjo qjù^I ûl O^jI Qj\ ke>\)û JxlfijJI cj^l^o J\L> { jjo 

I5JI ob^j^l cLljuüjJIj I_Xj> àjy^jz I ob^j^l qJ^joJI cuJL^^oJI ol oLJaax>JI ^juul>3 

■ ^ZXQjuLJUU J^JbïjoJI cuJLzj^jo3 v-sJLJIj3 

t=0 JJlC J 3JL2ÏJ0JI Culz53X) 3 — 7 

■ v-sJLclôjJI JojJbJI v_svS />3 t H^Jl^JI olj3jl Jl> 3 j \J t=0 cÜôj^JUI JulC : cÜcl>\Lo 

^0 - \o + ] + Kc \f^ ] 

[H 3 o+\=[cryc 

a 0 = C ( À H,0' + 4, ) 


-1 


<7 0 = 4,255./T7 

4 _ 7 

(T = 4,25 - 580* : <yiül q§u»j| ^ 
■ v_s^> t cÜdsJUI v_s^9 J^JbexJI oJL^° 

* 

V + y 

s 


1 

! 

II 

b 

+ i C 

H,æ y 

s 

cr 

b 

II 

+ 

xC + — ( 

\ h 3 o t cr / 

K [ 

<7 = <7 n +— f/L 2+ 

-2X n \ 

0 1/ V Ce? 21 

S 

H 3 0 + ) 

<7 = 4,25-580* 



rn 3 0 J 03 JU ol : cd co\Suq 

<r max = 4,25 — 580x max = 1,355-/77 1 : ^_sw^s\JI />jtiLJU cujuuuJIj J 3 JL 2 ÏJ 0 JI cuJL^o v^uuo 5 _ 7 
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. ÜJL^J uSVjJI QjU LjJOuySJI 

Transformation chimique s'effectuant dans les deux sens 

( jjSàj ) oJLcld . üUcüuJI — I 

ijjgUO^/ ûJLCÜ? Ob^QjJoJI — 1 

: yjujsü 

J^cLfij J\L> H + ùIJlûS ^JvJLc v-S'jLj 0 ^ £ 3 J i JüüuajjJ <^jljuUO LûjOJ> v-SnjCXjuJÛ 

■ v_5NJ IuXaS 

. v^LucxaS JxLûj J\L> H + Ù3J3JJ v_jLujüSI ^^vJLc j2>ls v_^LuOu^ £3 j J5 i ôJlcU v-Svjcxjuijü 
. ôJlcIs _ cJ^l^oJI 'Jlæuj ( BH /B3I HA/A ) <^Îjoj>/ôJlc 13 <~ 3 jsi) 

BH + = B + H + 3 I HA = A“ + H + 

: vJVÂjuJsu (JJjdDJ 

: cuJUI ^loo/ôacIs oL> 3 ^jjoJU cü^LsloJI 'Jl^û 

H 3 0 + (aq) / H 2 0(/) HC0 3 (aq) / CO^(aq) 

H 3 0 + (aq) = H + + H 2 0(^) HC0 3 (aq) = H + + C0 3 (aq) 

H 2 0 (£) / HO" (aq) C0 2 H 2 0(aq) / HCO" (aq) 

H 2 0(^) = H + + HO” (aq) C0 2 (aq) + H 2 0(aq) = H + +HC0 3 (aq) 

. oLlJ3_QjoI Ig-AjOouuü dJJjJ . os*£ <3juÆjj 6j\j$ ÔJlcLûS 'JSjuÆüj ôjb HCO 33 H 2 O ül j ! c lk? 3 ^JLo 

■ oJLcb - tjgüo^ Jq^üJI — 2 

pQ jJ I Q I £3^1 0IJ3JJJ Jlfljul C U\L> OJCfcJ v_SVjLuO^ J3^*J JxlûJ 'JSjSÛ 

. sSj^UJI 

S i n S\ÀjuJg(J i jJ jJDJ 

: qju ol sjS^JI ôjlcIs _ ^£loj> JxLâJI — 1 

NH;(aq)/NH 3 (aq) ^>oJI ôjlcIS 3 H 3 0 + (aq)/H 2 0(f) ^>oJI,^>_î 
NH;(aq)/NH 3 (aq) Jl ôjicIs 3 H 2 0(^)/H0" (aq) ^>oJI _ v 
HC0 3 (aq) / C0 3 (aq) cl> 3 ^_>xJI ôacIs 3 CH 3 COOH(aq) / CH 3 COO (aq) ^> 3 i_>ÆJI _ g 

: J_c.LâiJI i_s\S oLlL>jüjoJI oL> 3 ^jjoJI _ 2 

HC0 3 (aq) + HO(aq) -» CO^'(aq) + H 2 0(£) 

. vJvJlo JgJb a o pH ouLd^ sJujSti — II 

. i-SvJLa JoJboo pH sàjjsü — 1 

. Jc^l^txdI i _sv 3 ôJj>l3juoJI H 3 0 + oL»3j\JI jjSjjl) Lo J3JbtoJ ^jAcI&JI 3I cty^Lo^c Jl olyûbJI 

I0~ u mol/l([H 3 0 + ](lmol/l 

■PH jIaüjo g[p[ /xj jJ Jl Jl> Lpj 3 SJ JLo^u\JI cuslzj cu^Asdl /xjJîJI O I 

A 3 \Lsdl/ [H 3 0 + ] < 5.10 2 mol /i i QjusLoJl jj£\jjJ\ <j\i êüJLoJI JjJb&oJU <uJU pH ôj&i 

oUsjÎI ssJsjoJI >4>JI lmmü sSJJI iJLsJI [H 3 0 + ] JJüoJ < pH = -log[H s O + ] : <uJUI 

. mol/ i : OJLÿ'^Jü <U£ xA >5 < /> 3 jU 3 *juuuS 31 II 
pH = -log[H 3 0 + ] <^> [H 3 0 + ] = 10 pH 
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loglO = 1 
logl = 0 

logab = loga+logb 

logf 1 =loga-logb 
b 

loglO x =xloglO = x 
y = 10 x «x = logy 


cluojj^^JUI oJIjJI olu^b^ \jAsl J jj;5Jü 

\ sS^SUjJûJ 

(D) 3 (C) 3 (B) 3 (A) ctulo JuJbijo Qszjjl > 93 lj 
; IcLü (B) 3 (A) QuJ 3 Jb^ix)JI v_s^3 v_sv3 /) 3 jJ 3 ^jo 53 \JI oIj 3 jI 

[H 3 0 + ] b =5,l-10- 5 mol/^ s [H 3 0 + ] a = 2,0.10- 3 mol/^ 

. pH D =8,9 3 pH c =2,8 : 3 ^ LcLü (D) 3 (C) quJ 31 >joJI pH 
■ (B) 3 (A) o-J^oJI PH ^uuo>\ - 1 
PHb=4,3 3 pH A =2,7 Qjljuj b*JI ^J\ll Jjos^^Ijuuü 
(D) 3 (C) <jJ 3 Jb*joJI [H 3 0 + ] OÜ 3 j\JI _ 2 

( 10 X ) CIjljujL^JI cJ\JI JjO^IjuUÜ 

[H 3 0 + ] d -l,3.10- 9 mol/^ s [H 3 0 + ] c -l,6.10- 3 mol/^ 
pH jul jj Aie H 3 0 + oÜ 3 jI jjSjj jjSLjJ '<suS _ 3 




h 3 o + 


;Ij 3 j\JI pHJI QjïuS AjI jj Aie 


H 3°*l >[ H 30 *] b Ol 


: oLû^j-JI 

H 3 0 + J 3 [H 3 0 + J a ülulo 0 \J 3 Jb^jo B 3 A <jiJ 


! cLajLuuJI ^ 3 LjuliuoJI { jjo LjaJ 

log[H 3 0*] A >log[H 3 0*] B 
-log[H 3 0 + ] A < -log[H 3 0 + ] e 

PH A < pH B 

■ i nSOlo JoJbfco pH ijjjLS — 2 

cLulpjJI pJb*JI dJU_X^3 H 3 0 + /)3jù3^uaS3\JI 0Ü3 jI <jjo v_s^j!jo J3Jb*jo pH < jjuLl9 


. v._S^J LuOu.S JxLûjJ 
! v_s^jIjo Ü3Jbïio p H jjjuLjÜ O LlqjjJo 1 Jjo^Ljuüu LJLcxe 

CÜ 5 JL 0 JI UUÛJ\$SJ\ Jlo^uuül — I 

lSI />3jJ3^uaS3\JI oÜ3jI cu9 jjSüj, .h_juJ3 L^Lo^üuul Aie ci^uoe ^1 ^ CÜ3JL0JI ^-Ô-aJuI^SÜI 

. £3^3J jjSÜJ 

oî gjLJIj ( pH>7,6 i6,0<pH<7,6 t pH<6,0) pH oli> J-Jb^o cû\JJ _l>L : Qjj?ü 

. ^ 3 jj\ 1 1 jslæ I : cuJUI ol^J\JI _b>U BBT J3JOUÜ3J03J-JI J^>jl O3JL0JI ^LiulSJI 

. J3JOUÜ3J03jjJI JjjjI Ù3L0JI ^q_juü 15JI cüLbjuo [ 6,0 ;7,6] JbsjoJI ^jnjxjuju 

. ( Ù3JUI ) «LjuüLuul^JI cUl^JUL JL^oJI I Jl& ksS J^JbïjoJI ô_L>L LSjJI Ù3JUI <ta _5v j Oouuu3 

Ôjj(XS2J vIAjL^ ^3-^-^ vJLjuü k_'. • ' - g^LjÂJUO Iw 3 j 3 3"^9 pH pH Iw 3 j 3 J-JO^AjuJU OI vIJUâS 

,33l>cJI CUJ3JUI /xJLuuu >pJêj t_SJjI Ù3JUI ÙjIqJ3 <=L>uj\jS ^IjjoJI J3Jb*joJI v_sv9 

. ÔA^>3 J^Iqj pH QjzuS JuA^J qjo pH J)j3 

■ jjj> .pH JUajüujI — u 
: jjj> - pH Jl Ijüuo 

OJ^3>iSJI 4 ^3>^JJ ûLj>\JI ^jJLc v^sv 3 03^ _ P^ ^ 03-^ÿ? 

. jjjuLiiJLJ ^3 ja 5J[3 Oui) a^j> ol3 cu^tjjo ^ 3 ja 5JI « 
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j£jb*x> pH jjjjLs <jjo jjjjLûjoJI U-a-b.pH a^JI Jjj 3 q^Lou 

■ b 3 3 ^ * lo * juüjj I »^_SNjüOukd jLûLC^J! QulSJ jjuO _ pHJI Jl>U LqjljuUUO jl^jsjl JulS 2 J Ol »*_S\jLo 

. <JJ^ 3 jjiSJ\JI QSZjuJoj$ 6j\j*}\ ÔS>jJü ij^isz U v-S^jJ^ 

0,05 àujj ijjo ct9jJI ôJl& ù£j$ t ÔJ 03 0,1 vu Lujiü jjuo _ pH Jl cLb-Juul^j <jjuLjLJI cl9^ jJlûj 

■ 33^ ôj^rMJ c LljuüjJ b 

! jJuo — pH üLexfijuuüll AaÀaS 
iSLuüj i_9 )QJ Lfij^-AJÜUOQ J 0 -Q- 0 J I cLoJb QuS uoJl wiSJ\JI , LuULC ! uüLs ^-S I jbaü} . La3 V^JSJ — 

■ <Jfo>gjO pH Lxx-pj I UU )LlC I uJcJb^O CLb-JUülcU yjuo — pH Jl XfS> \xjSÙ 

c c 

BH=7 v_S:> )LlC JoJb^o cLb-Juüloj ùoSu Ol Jq\JI JojuuaJI * 
ùl5 N pH = 9 ^ qÎ LuuQ .00 ,_UÜ_Q iJüoJI JgJb*joJI ûL> N pH=4 ûqSu ùî ^LJI JojuJqJI * 

■ LjlcI 3 , uüQ iJuoJI JqJL^joJI 

Si sOL9qJI Lo^JmxC i^SvS Ipj^JPQQ Jo-QjoJ I sLoJL wi5J\JI . LuülC oLuüLüJI ! yJQ clpJu\JI AS2J _ 

■ pH Jl jjüL9 QJ&J . 5 

: qjjxj 

Ô3s Oj^Su ÔjLjujI I ÔJl£> V_jljuüJ> 3,20 c LOuUlII J^-L^gjoJ I pH jJJüLi 3 i_SV lo?.J vJliuJ> i Lu Lo jjuJZjJ 

3,15 ^ pH ^ 3,25 ol «^svjlsj 0,05 ^luj ^jjo pH Jl <jjjL 3 
? H 3 0 + ob^j^JI jjSjJ j-Job Lo _ 1 


10 “ 3 ' 25 < 10 “ pH < 10- 3 ' 15 

10" 3 ' 25 <[H 3 O + ]<10- 3 ' 15 

5,623.10“ 4 mol / i < [H 30 + ] < 7,079.10“ 4 mol / i 

! ! ^JÜoxxJI ^Lüj\JI ^Luüo 

a[H 3 0* ] = A079.10^mol/.-5,623.10-mol// = < mo|/ , 

[H 3 0 + ] = 6,3±0,7.10^mol/^ 

T H 3 0 + ob^j^JI jj£jJ JuJl^j Lo _ 2 

! ^ 5 UljuiJ Ü.J 1 VuLûj\JI 3 I UJjLuJI < 33 ^ VuIjuUL^ 

A [ H 3 0+ ] _ 7.10" 5 


acide acétique 99 - 100% 
pur 

C 2 H 4 0 M=60,05g/mol 

Point de cristallisation 16,0-16,6°C 

CH 3 COOH % 99,5 d= 1,05 


6,3.10" 


0,11 


[ H 3°*] 

. <JSJ\ J+C.S <U5JI oU£%JI _ III 

■ i jpSS »lC U w j I jj I — 1 

1 üsjjjjfoJI JdLaJüuJI 

Vo=500,Om£ V^jsljuj 6jjszx> <^3 uu^u 

fjjo V=l,00m£ Loj^> t jJoüjoJI cLoJL ôc^JLouo 
V.SV3 ^ 3 ^> 3 joJI CH 3 COOH Jb^jLü^JI 
ô^ 3 ^> 3 joJI oLo^laxxJI JjO Ol) LpJLiLo^J ^UjJl3 
. <\jj L> clûjJ^JI ^jJLc 

< jjuo _ pH jl^J> clLljujI c L*JLc Ju^l^joJI J^JbïuoJI pH jjjulaJÜ cuJLc Ju^j^joJI J^JbïuoJI jjjuübiJ _Xsj 

. pH=3,10 : clJLJI qszjüjJI ^jJLc 

. ^LoJI 3 Jb^jLü^ll ^yâjOJ^ Quu LSjJI ôJlcL 9 _ ^yâjOJ^ J^LôJI cJ^Uix) K-jj£\ _ 1 
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ci>3^jjoJI ijÆloo <jjo oÜ3j3j-JI JlûJul OJc*j J^clôjJI Ijlû^ J\L> 

. H 3 0 + (aq)/H 2 0(^) ^>oJI ôj^Is ^Jj CH 3 COOH(aq)/CH 3 COO“(aq) 

: v-sJLJL$ J^LâJI cj^l^o 
CH 3 COOH(aq) + H 2 0(^) -> CH 3 COO (aq) + H 3 0 + (aq) 

. Jj03^jLjuULoJ I dJj3jLu\JI CLuJüJI Ô^LoJI c LuOsS ^j-juUL>I _ 2 

! <_sv^ dJj3jlij\JI ^yibO^ïJ cLuJuJI ô^LoJI c LuOsS liujJ 

m : 


ül CjuSkJ PI; = 


M 

d = ^ => Pacide = d-P œu 

r eau 

Pacide — y — Pacide - ^ — ^'Peau 1 ^ 

n = d, Peau‘ V 

' M 

1,05x 1 x 10 3 x 1 x 10 -3 j __ j ~_2 . 

n i = —-= 1,75.10 z mo\ 

1 60 

^LxxAJI clc3jo^sjoJI v_sv-â-^sJI J3-X<JI — 3 

. JxlôjJU v_svj1^jJI pH àjou3 qjo ls\JJajl 


QjJLaj^JI qJilaoJI 

CUjCOOHCaq)+ 1— ^O(^) -» CH 3 COCr (aq)+H î O + (aq) 

qJL*JI 

plAjÜI 

ù iLoJI ü Llq5 


0 

n i 



0 

0 

J_&LijJI 

X 

ry x 



X 

X 

^jjLgJÜI 

Y 

A maK 

^ i ~ ^maw 



Y 

A maw 

^maK 


. 6jS$j Jl> 3 -» loJb cLoJI û\J dJL^jUuN yjÂjyj> Jl^joJI JxIxlôoJI _ 

n i -X max = 0 1,75.10“ 2 -x max = 0 => x max = l,75.10 _2 mol /1 

ül v_sl cLulpjJI lg-Jb> v_sv9 Jc>3j clc3joj^joJI ûl ^jOLc Jju 1 ô3 cLo^jLII ^jvlc v_sJ-clâJI JajJbJI pH j\jSLLjuj\ 

: cJb%JI ôJlû* v_sv3 [H 3 0 + ] oIj3j\JI 

[H 3 0 + ] = 10" pH => [H 3 0 + ] = 10' 3 ' 1 - 7,9.10^ mol U 

: JcLftJJ v^LpjJI /jAftiJI ol9 [H 3 0 + J = X ! ül J3 _)l> 

n (H 3 0 + ) = x f => x f = [h 3 0 + ] x V f 

x f =1,7.10" 2 x 500.10- 3 =4,0.10- 4 mol 
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(^lâjuLjuüu li>lo . ,>oJL£ijJ I 3 /jJlûjJI Ojl9 3 

<_S^£iS\JI />_)LaJI <jjo v_svjL^jJI />JLaJI X f < X max 

; v _ S vj^ cLuIpjJI cJbJI ^3 dJb^jLuYH ctucxS 
n f (CH 3 COOH) = n, -x f => n f (CH 3 COOH) = 1,71.10 ^01 
cALclalxJI t LIS ijjuuJ v»sOLJb3 LJS v-ûjL^j /yJ A^joJI J^cLojuoJI ol ^üuuLajuu 

. cLul^jJI cJbJI v _5 \S Lssjo Jl>I^u &\}jj\ 3 
■ i n SVjlpjJI JDJLftjJI <Ujuüü — 2 

^jvjcxjuuu jIjlÜjo 'JSjSû cLoJlûj gx» J^làJ v_svjlgjJI />JLaJI cüjLqjoJ 


JxLâjJU iSNjlpjJI ^pJLftjJI 


T = -ÎL 


T cJ jAjj$ 


. Aj^jLo àut^ujJj cU£ jj&j il ( jSuo«J3 0 < X < 1 . ÔJ03 O3JU jIjlÜjo 3j3>3 

. i^s'iS J^LàJI ol i_sosjj x f = X max ol ssî x = 1 4 _IL> i_sO : 4 J 93 J*JLo 
■ , CuLuüJI JoLjujuJI i_sO v_S\jL^_*JI _/OjLttjJi CLi-juJÜ V_jljuUL>I _ 4 

4,0.10 “ 4 


2,3.10 = 2,3% 


: «^9\JLsaJI 


LjjJ 


X max 0,0175 

JxlàJI ol lsI . cLoJI gx) CjJLcUj v_soü I <^ 5 ^ dJj^jLiuN cüjjj>100 Quu <jjo 2.3 ol vjOLc Jju Iülq^ 

( v_SvK jjl£ ) ^3JC*J0 

■ l5vjLüdul5 Jq^ü joJgü Ljttjup — 3 

1 üw^pjJI JoLuüûJI l$\3 2 

. 5,10 cto^s jj>L pH ol ^l>Vû3 CH 3 COONa Jl oI^jLj^JI 0 L 3 JL qjo 0,50g v_sJl^-^ ljLOcû 

pH ^U)ukS Oj^-Ioj ljuS _ 1 

pH 2 > pH, => [H 3 0 + ]_ < [H 3 0 + ] 2 

S" ^LjOuSJI clc^joj^joJI Oj3_Lü ^s^Ojo lSI V_sv3 — 2 
^-juuLuoJI j+ê- ^jnj^juoJI v_sv9 lSI t H 3 0 + ob£j\JI ijÆB Lu v_S^9 Oj^Jûj cLC^joj^joJI ûl ^jvlc Jju Looo 

. JclftJI cJ^lsxJ 

. CH^JI^JI j3Io,a JI v-5VS^juO Ojls _ 3 

Ol9 V- 5 JLJL 3 1 LujÜj Lûb V. 5 V-QJ /xj«JI û\J H 3 0 + ob^j^ll slâj[J>l ^jnj^Juo cLC^jo^ïjoJI Oj 3 loj 

. JxLaJI qJ^I&oJ >jJjLuoJI ^s^juoJI V_sv9 Oj3_Lü cLC^jo^joJI 

>jJjLijdJI (^s^ïjjdJI 

(1) 

C^C00H(aq)+H 2 0(i) ; > Cl-yCOfCaq) +Hp + (aq) 

( 2 ) 

>jujLiûJI 


cUil&oJU . LclaJI lid» ol J 3 Ü I_sv9 >Ojc«j J-âbJI JxLftJI ol gjüüOjjü 

^ : 4JUI ôjLiVI JIjOiSZIjjjI 4JUI CbjLoaiül 
! i^sJLJI JSL^JI JsJLc ÔJlcIS _ ^jjClOS> o\lcLfij gjjexqJ CÜ-juJuJIj COtlijuJI Û_\_Q) JOJO£L >2 

>juüLuoJI ^*£3 jJùjLuoJI ) . ^msùoJI ijclftj 1 vS'SS jji£ i^jLuoiaS JcUj JU? ùjlaj 

( JcUJI ëUil*oJ 

. <i££J0C*A ùjl^j <Ül^ — IV 

<UjluOyt£ CLC^JOJ«JO Ù3I3J <Ul> ÜU>SÜ 

: JLo 
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V_$v9 dL^jLüjoJI <JjO rij = 5,00.10 3 mol culi>b HCOOH dL^jüuuoJI oj?J (S) \J^Jbtuo j^l>ô 

. (S) J^JbïJO <JjO 1 1 ^jOLc J^L^JU ^bJI cloJI 

: CuJ^L^jO JxLâij <3j>juOuU v^luOujS jSLO qAsÆOZj oJI CL^^jO^ïjoJI 

HCOOH(aq) + H 2 0(^) ^ HC0 2 (aq) + H 3 0 + (aq) 

X|: = 0,86.10 mol ! 3 -^ J^Lû^JLI v_s^Lp-jJI ^oaüjJI ol (S) U^JL^uoJI pH ^jjuLs 

cluL^JI cJbJI V_sv3 cLC^joj^joJI '^rJuSjJ Lo 
: ^LoujiJI clc^joj^joJI /jaüJI J3_)l> 


qjJUfij^JI aJiüaDJI 

HCOOH(aq) + -^O(^) ^ HCO^"(aq)+H 30 + (aq) 

qJL^JI 


ùiLoJI OUaS 

qjJiJI 

0 

nj (HCOOH) 



0 

0 

J-cLâjJI 

X 

rn-x 



X 

X 

qJl^jJI 

x f 

rn -Xf 

<»Ssj 


Xf 

Xf 


: LjjJ /jAüJI J3-)L> P-JlgjJI cJbJI V_sv3 

n f (HCOO) = n f (H 3 0 + ) = x f = 0,86.10- 3 mol 
'. LjjJ djj^jüuuojl yjâjyjx) CLlJUULjJ L3 
n f (HCOOH) = n, - x f = 5,00.10- 3 - 0,86.10“ 3 = 4,14.10- 3 mol 

cUjJLi IpJ^lo CLuoS V_SV^JI gLJI^ jJI 3 o\LclâJuoJI <jjo Ü3SJU cLulgjJI cJbdl v_sv3 cLC3jo^*joJI ûl 

. v_SvjLj°^ UJI3J cül> V_sv3 ^LjOuSJI cLC3jo^joJI ûl lSI <jjojJI 

: 4s*ujjJ\ 0 jlûü JOJDSÛ 

L^aS JL^rl^Jü qJl> Jy^ü ùl £ olc^jocajoJI jjja&J iSvJLuouSJI J^eJI JiL> <jSuoj 
ùjl»JI ^ cLulÿjJI oJbJI OJL£> V.5SJOUUOJ ■ CLUÜ vjuuüüü Lsjo eül>Jl5 OlLclftjuoJI 

.^uuolujJI 

■ i£\SuüdLjjJI ùjl^jJI cübJ (jy^^uuJjjiuuoJI jjuuulâjJI — V 

0\lcLâjuoJI jjSI^ iiâzJI3 ÔjIjJ*JI CjulÀj 1^1 < v^LuCXjiS OJI3J cJL> V_sv3 ^LuOuS CLC3 j0^ïj0 O3SU 

. <jjojJI 4jub güI^ jJ I3 

c^3SLjuü3j^LijoJI j-tûJI cLpj>3 <jjo v^LxxaSJI Ojl3jJI J3JJU0 L03 j3^ü\UI Ijl& {jü$$->uj 2 j 5 ujo juujJü ^slS 

A H - B v C D ! 4JUI CU.U-UI < ^-C'3 j0< < î:j0 ^I 

*±JJi>3 D3C ûLuLucxjj^ ûIc3j û$Sj l _5JJ iS^j Lcx^jo^Izïj ûl v_sv^! S B 3 A qju JxLâj v_svj^2j lilo 

Joj^jJI j+sü \J cJla9 j+£. oLo^lzaJ vîILlû^ Jqj^jJI jjljujSj ^_sJJ sS^3j I3 cJIszàJI oLo^LiJI QszuüJ 
03SJ v»sJbJb3 ILs2-âJI 0L0L1JI3 cLaJ\JI JLcx^>l olS 1 ôjjul^ ^LcxaSJI ^[3-^1 olS LoJSs 

. jjSI JxLâJI c lcj-juj 

^jujLuoJI ^svj^ijuoJI v_sv3 Ly-V J-cLâjJI ûlà B 3 A < jul^3jJI /yjàj cLuJuJI cJbJI v_S^ cLC3joj^joJI colS lij 

A + B —^ C + D . Vi CLC^JUUU (1) 
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! J\L> « J^LâjJI Ijlû> Juljj güJu 

^sJj v-S^^j LouO Los^Juu cÜls&fiJI olcoLiJI ^JlC Lu v_S^JL*JL/3 ^ 3 A i^snJûuo^ • 

■ V \ CU^huuJ I \j£& L»j 

juljj ^jJJ sS^^j Lcxjo Lo^juu cJLsiôJI oLo^LzijJI .^ac JüljJ vaJLJ^ D 3 C <julC3jJI juIjj • 

C + D -> A + B j-juù LuoJ I v-5^ V2 I 

LS3Ljuuu j^uLoJI JxLôjJI L^JL^uuu v»5'aJI A J^cLqjüoJI ô^Lo cluo^ ois V2 3 Vi qjûlc^ujJI LS3 Ljuuu jû_c 
cüjÜ ^jviLü ^C3 joj^joJU CUJ3J0JI juS\jjJ\ ûl sSl . ^-juûLuoJI _jj_C i^Jv^iiuoJI <*_5\S JxlâJI J\L^ CÜ3^-* j0 ^l c ^-s* j0s ^ 

jO t 5\lc ■ (jjojJ I lJ 

. pH 3 iaâzJI3 
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gljJOaiüi 

■ yJu X u O ÙJL^J sS*J\ CUjLuO^JI w^5^cJI 

1 cOjuuJLuüJI 

CLuu^Uj JO5JLD3 ÔjJÜJjij ^p^JLc Uj^JlSü ÔjJUI PjuuüJI 

* 1 

. v_svK JxLflj cloJI V_sv3 dJjjJLJI cüL| 

. JxlâJI l_Ld> clLL*x> K^jjS I _ 1 
. v-Sv-^o^JI J_^JbïjoJI <jjo l£^uki 2 ïiJ jiiüjoJI cloJI v_s^3 dJb^JüJI ^/îxjo^ <jjo 0,63g vujû _ 2 

. J^JbïuoJI lÂÜ pH ^j-JuUL^t 

. M(N)=14g/mol , M(H)=lg/mol < M(0)=16g/mol : 

* 2 11J jjpJ 

. pH=3,7 3 C=2,0.10 3 mol/£ ; j < dJj 3 jbj\JI pH <jjuL 9 

. dJj[ 3 ^> JJLc S" v_svi^ >s^ >ol v_svi^ cLoJI 3 dJb^LAJI 0+1 Lô_*JI Jj3> _ 1 

. JxLâJI qj^l&o v^l 3 QjjJLcLâljoJI vêioo/ ôAcls QuLij> 3 ^jjoJI _ 2 

. JxlàJI IJl^J v_svjL^jJI /jaüJI clljuuü _ 3 

* 3 j jJjAJ 

^sOLc LJLq.> v_sv-^loj> J 3 Jbüjo pH jjjuLüJ t ApH = 0,05 gjL^JI ô^LjuJ Jjoj^j « pH <jjuLüjo JLo^üujU 


. pH= 3,90 

. J3JL2ÏJ0JI v_sv 9 I oli3jl v ljuUl:> I — 1 

. /> 3 jù 3 ^ua 53 \JI ob3jl jio\ — 2 

. I 0 l> 3 jÎ jjS jJ jjjuLs ^3 lS jJI A J <w»Ljj\JI ^üuuLjujI _ 3 

. />3jÛ3juoS 3\JI 063^1 JuJ ijzü v_s ^3 ciSjJI ^jljuuoI _ 4 

* 4ûJjj)J 

. C= 0 , 10 mol/£ ùjjSjj CH 3 COOH(aq) dJb3jbu\JI ^lo^J V lo^j> ^ûjlà^lJI ^jjio ÿx 

. cLoJ I3 dJj3jbü\J| yjèjSO xJ+J J^LâJI Oj^lsX) ^-jjS I _ 1 
v_sv3 ô_)L>l3ixJI ob3j\JI 'jdjjZLO jjSjJ < <3 = 4 , 9 mS.m 1 JuZi^joJI J3Jbtx)JI qJL^x) 1S3 Luuü _ 2 

Ku mn- = 4 ,lmS.m 2 .mol' 1 , X u n+ = BSmS.m^mor 1 : ^sJa sù . JsJbwJI 

Crl^CUU H3U 

. cloJlj .iL^jljüVI u^=to J^làiJ T (.sJLpjJI />jlqjJI ëujuaj _ 3 

S* J-d- o JI Ijlû ô)jjo 3JÜJÜUUU lilo 

. J^i^oJI pH V-jljuULJ-Î _ 4 

5 ùj>cü 

Lo^> 3 C A = 2 , 0 . 10 ' 2 mol/£ _>j Pb 2+ (aq)+ 2 NO' 3 (aq) ^Lo^ll oljju J3 I>jo qjo V= 5 m£ lo^> gjjoJ 

03^3 I^\LkS t C b = 4 , 0.10 2 mol/£ (K + (aq)+I (aq) /)3j-*j^b3jJI j3^3j J3Jb*uo ^jo Va= 50 iti£ 

. Pbl 2 (s) j3^3jJ 

. m= 0 , 41 g t ^jljuuIjJI ^^0^3 ^3 JojJL^JI guujjj 

. V^JLJUÜjjJI cJ^L^jO V^jÛîSI _ 1 

^juSjj ko\)û l 3 lo . cuJjuJI cJbJI v_sv 9 j3^3jJI ob3-»l3 ob3-»l { jjo ô^Lo ctucxS — 2 

T iaJbdl lÂü 

v^jLJujjjJI JxLâJ ^oJLftjJI 3 -û> Lo_ 3 

gjuuLJuUÜ li>Lo . JxLûjJÜ v_SVjLpjJI / 5 -XÜjJI CIjljuUÜ — 4 

? cujlpjJI cJbJI £ J3joJb t cLC3xx^joJI 3-ûi Lo_ 5 
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* 6 uJ>txj 

J^JL>jo3 C a = 2 , 0.10 3 mol/£ Jjo^iüuuuoJI ch° dbjjuj3lSJI Sa v_svjLo J^Jbïuo ^jOLc >93^ 
lo^*i> £>oJ . C B = 1 , 2.10 3 mol/£ Jjo^LjuuuoJI vl- 3 ^! ch 0 AhS>* />3j^3-£lII ju-juo^jJl^ J3Jb*joJ S B v_svjLo 

. S B J3Jb*xJI ,jjo V B = 150 m£ Lo^>3 Sa J3Jb*uoJI ^jo VA= 100 rn£ 
. ôjLpdl CL£,LâJjl J c^\lû 3 JaJbJI vîlpd 
. pH= 4 ,l : JojJbJI pH AjJjuJI ôj^pdl cl>p ^sJJ £3^>>ll 

. JajJbJI pH <jjuLiiJ cu^j-zJI ol3^\JI JclcÎ _ 1 
. S B 3 Sa ch 0 JS S:*' 5 ô_)L>l3ixJI ^Ljou^JI £l3-i\JI vprl — 2 

3 

. Ju^JUjSÿjJuJÿJ I 

. ia-JbiJI v_sv 3 rij(OH ) 3 nj(H 3 0 + ) quûlJjuJI ô^IoJI v-slûucxS ^_j- juuL:> t 1 — 4 
. x />aàJI JLos^LajuIj J3>üJU v_sv-q j z53JI J3I 2 _ 4 

. v_S^jLpjJI Jà -X-Qjj I CIjOul 9 ^üÜÛLjuJ I3 i CLul^JI cJbJI Jül£ J^LaJL^JI V-5^9 [ H3O ] f V-S jjSjjJI _ 5 

S' QjuuljulU IISLo . ^OJlQjJI QjljujJ Jj>31 6 

*7 ùjjaj 

. C= 5 , 0 . 10 ' 2 mol/£ : jjS jjS I LxgJ i yj.ï.ï. a . o o S2 3 l >J3JbïX) i çvl_C jBqJj 

■ P H= 1,3 3^ ( jjj>3_jjL f ^JI J3J033J 3I jÜj_>jl(j03_>J I Si 

. P H= 2,7 3^ ( C <JuU°Lfc 9 ) AjJj^uj\)\ S2 

. cloJI 3 AH QJszxÆ u^üos> <jju JxLâJ cLoUdl cJ^IsjoJI <^S| _ 1 
AH vljüoJI^ AH jLjûLC I gjo ^P-XÜjJI J Lo 32 jLjuü U Ô^Lo^iJl 4^3 jOC^joJI j 3 io a.J \ - SvÀ*^3JI J3 I — 2 

. J3JL2ÏJ0JI f*X> V 3 JjO^jLajUUoJ I 
! J3_)l^JI J\lâjLjujlj _ 3 

. v_SvJLS^ Ü3J^J cloJI v_S ^9 dJjjJüjOjjJI {j£LOS> J32Ü ül <JuU 1 _ 3 
. J3^JI Iàû> gjuouj sSjJI JcLàJI I 2 _ 3 

! v_sv-ô-^>3J I J3 _)l^JI J\lâjLjujlj _ 4 
. cLxxJI3 dJLuj3SLjuj\)l <juu JxlàiJU v_sdLpjJI /jJlQjJI cLljuuü J^>3l 1 _ 4 

. JxlûjJI Jül) Oi>j ^jûiSl (^UuuLjuJU ISlo 2 _ 4 

. v_sdL;jo^S OJI3J 4 Jl^juuJI <jjuj3jJuoJI J3J^JI sS^3j _ 5 
. I3 £. S2 J3JbüxxJI v_sv 9 ô^3^3joJI qjLcxAJI £j3j\JI ïy>\ 1 — 5 

S* <^ 5 V^uUoljj^ Vj^LuOui^ Ûjl3ju CbjOouUÜ ISL0J3 . Üjl3jJI cJb> *<SIj£ \jj$S>LO juuj 3 2 — 5 

C 6 H 8 0 6 (aq)/C 6 H 7 0 6 (aq),HBr(aq)/Br-(aq) : oLkaao 
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çlfJXfSJl jjjloj ^UXiâÜ 
■ y JUj A jü O l£\d ÙJ^J u5VjJI ^ÜjIaAaSJI 

1 cOjuuJLuüJI 

ÔjJUjjLd fi$l Le ÔjJUI 4juuüJI 

1 

. v_svK JxLflj cloJI V_sv3 dL>ijJI yybj^> euli>l 

. JxlâJI l_Ld> cj^l^o — 1 
. v-Sv-^o^JI J_ 9 JbïuoJI { jjq IC j+ëczjJ jiaüjoJI cloJI v_s^3 dL>uJI iyxcys> { jjq 0,63g v_jujü _ 2 

. J^JbïuoJI ljL& pH ^j-JuUL^t 

. M(N)=14g/mol < M(H)=lg/mol < M(0)=16g/mol : 

: vl^JI 

JxLâJI cj^lax) _ 1 

HN0 3 (£) + H 2 0(£)^ NO~ ( aq ) + // 3 <9 + ( 04 ) 

! J^JbijoJI pH vLujl^> _ 2 
/?tf = -log[// 3 0 + ] oî 


! H3O olj^j\J v—S'J^J 0 ^I v-_A-juUL^j 

: JxLâiJU J3JPJI J\L> ijjz 


qJbJI 

/>JlÜaJI 

HN0 3 (£) 

+ H 2 0(i)^N0~(aq) + 

// 3 0 + (a^) 

clJjuJI 

0 

n 0 

J ^9 

0 

0 

J^UüJI J\l> 

X 

n 0 -x 

*2 9 

X 

X 

J^lâJI culgj 

^max 

I^O^max 

J ^9 

^max 

Xmax 

. dL^. 

1 ijêLOSz} cLiJuJI ô^LoJI etuOsS 


c YYl 

. dLjjüJI xjâjso \ Q-oi jl>joJI J-cLajuoJI ois jjlSq cLoJI ol Loj 9 n n = -= 0,1 mol 

0 M(HN0 3 ) 

[HjO + ] = [a^0 3 “] = n 0 /V = 0,lmolll ois ^sJUl^ x max = n 0 = 0 ,Imol oî s sî 

pH=l oî ssi 

2 ùj>cü 

. pH=3,7 3 C=2,0.10 3 mol/£ ! * ^Jj3jlij\JI ^ io^> Ü3Jb«jo pH u-uLs 1 _jJclcI 

. dbb^r JJLc S* v_svlS jjlC />l v_sO^ cLxxJI3 dJj^jÜuYII JxlâjJI Jj3> _ 1 

. JxLâJI u^ 0 ^/ ôJlc19 ^Jo _ 2 

. JxlàJI Ijl^J v-SvjL^jJI />AàJI cLljuUÜ _ 3 

: vl^JI 

. LIS v_sv-û^^h^ ^jl ssl ^jêü o^JI 3_d> juoJI JxLâixJI o\J pH=-logC v_sviS JxLâJ <L ljuij lJL ^1 /xJLü _ 1 
pH = — log C = 2,69 : v_svlS JxLâJI ol Lï>\jjs\ t J^JL^oJI jjS^j u^ 0 tëUJûjl pH uuuo^j 

. v_svlS j+è JxlâJI 0I3 ^ôl^>JL9\J 19 usJLJLs lp-J-C JuZ*j*joJI pH QjouS vâJL*j cuxjlüJI ôJlû >3 

CH 3 COOH / CH 3 COO~ ,H 3 0 + / H 2 0 : o^lAixJI o^ 3 ^>oJI _ 2 

: JxlàJI cJ^Ls^jo 

CH 3 COOH(aq ) + tf 2 OC0 ^ CH 3 COO~ (aq) + tf 3 0 + O 4 ) 

! JxLlJU ^ojiJijJI cujuü..3 




























7= X f = rc(# 3 fl + ) = [ H 3 Q 

^ax n 0 (CH 3 COOH ) C 

[. H 3 O + ~\ = 10~ pH = 1,99.10 -4 mol U 


T = - 


1,99.10 


-4 


= 9,95.10“ 2 =9,95% 


x„ 


2.10 


,-3 


3 ÜJjM 

l jJlc UJLq-> v_sv-^loj> J^Jbïuo pH ^juLüJ t ApH = 0,05 gjlzJI ô^LjuJ Jjo^ t pH <jjuLüjo JLo^üujU 


. pH=3,90 

. J^JbïuoJI v_sv9 I ob^jl jj$jJ v ljuUL ^ > 'I — 1 

. /)3jJ3^ua53\)l OÜ^jI /xaS jio\ _ 2 

. I ob^jî jjjüLs ^3 v-jiiijl lS jJI A J gTüLiÛLJuul _ 3 

. /)3 jJ3juoS3 \JI ol^l Xj-Xjzü v_5v9 33jJI _ 4 


4 

. C=0,10mol/£ ùjjSjj CH 3 COOH(aq) dJj3jLiu\JI V lo^j> ^j^io ÿx 

. cLoJI3 vlJLj^JÜ l»\JI \j+j J^lâJI cj^lax) ^jjS\ _ 1 
v_sv3 ôJL>l 3 ixdl OÜ 3 j\JI 'jdjjZLO jjSjJ * G = 4,9mS.m 1 JuZi^joJI J 3 JL^joJI cuJLz) 3 jo l^Luuü _ 2 


À, ^ = 4,lmS.m 2 .mol 1 A n+ = 35mS.m 2 .mol 1 : esJa^ . J^Jb^oJI 

CH 3 COO“ ' 1 H 3 0 + " 

. cLxxJI 3 dL^LüVI uÂ^> J^LâJ T v-SvjlgjJI ^oJlüjJI cLljuuü — 3 

T JxLôJI IJlûÜ ÔJjuO {j&QjÆÔZJ (^UuuLjuüJ li>Lo 

. J 3 JbïjoJI pH — 4 

: vl$*JI 

: JxLâJI cj^lax) _ 1 

CH 3 COOH(aq ) + tf 2 OC0 ^ CH 3 COO~ (aq) + tf 3 0 + ( 04 ) 


! J3JL2ÏJ0JI v_sv 3 ô_Xj>l3juoJI OÜ3 j\JI — 2 

: J^dLôjJU v_sv-â-^3JI J3-X<dl 


4JbJI 

/jjlüJI 

CH 3 COOH{aq) + H 2 0(£) ^ CH 3 COO~(aq) + H 3 0 + (aq) 

«uJjlJI 

0 

n 0 


0 

0 

JxUJI JU> 

X 

n 0 -x 

>^3 

X 

X 

JxLâJI culpj 

Xf 

n 0 -x f 

_ 

Xf 

Xf 


n(H 3 0 + ) = n(CH 3 COO ) = x f LujJ JxLàJI culpj jûc cLblaxxJI 
<j = A , [" H 3 0 + 1 + A T CH 3 COO 1 : JxlâJI culgj Ju^c J3Jb*joJI clJL^s^> 

oî isî n(H 3 0 + ) = n(CH 3 COO~) = x f IujJ Jcl&JI ^jL^j _uc 
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[h,o*] = [ch 3 coo-] = 

\h.o\ = - -—-- = 4,910 

L J ( v + w ) 39 ' uo " 

[. H 3 0 + ] = [Ctf 3 COO"] = 0,125.10 ~ 3 mol II 

[CH 3 COOH ] = C- \_H 3 0 + ] = 0,10 - 0,125.10' 3 = 0,0998 mol / 


= 0,1 25mol/m =0,125.10 * molli 


T = - 


[h,°'\ 


! /jJlÜJÜI cLtjuüü _ 3 


= 0,125.10 =0,125% 

*max C 

. j-juüLüoJI ^jotJuoJI v_S^ 3 -Xj^jd Jl> J_cLslJI !juï> ol QÜjLLjuüU 

! J^JbiuoJI pH vLuuo _ 4 

/?// = -log[tf 3 6> + ]^ pH =3,9 

5 i Wjjoj 

Lo ^>3 C A =2,0.10' 2 mol/£ Pb 2 + (aq)+2NO' 3 (aq) ^L^JI ol>ü J^JL^o ^ V=50m£ Lo^> £>oJ 

J co\lû3 i C B =4,0.10 2 mol/£ àySÿ (K + (aq)+I (aq) ^jo Va=50iti£ 

. Pbl 2 (s) ^L^JI ^ 3 J 

. m=0,41g i qjAjS t v_jljuuIjJI ^jlàj^J 3 ^3 JajJLâJI ^uujjj 

. _ 1 

k-ju£jj Ii>Lo . cLuJuJI cJbJI i^_s& j3^3jJI OÜ3jI 3 oLi3jl <jjo ô^Lo cLuo^ — 2 

JaJLâJI I-LÛ) 

v^jLJuUjjJI J_cLûJ /)AüJI 3 -ûi Lo _ 3 

S* (^UuuüuüU liLo > J-ClfijJU ^SVJ L^jJI yOJLQjJI CL^juüÜ »<_JLJua 2 >l _ 4 

T cLulpjJI cJbJI <^9 É J 3 J 0 JU É cLC 3 jo^joJI '< r Ju£jJ 3 -ûi Lo _ 5 

: vl**JI 

Pb 2+ ( aq) + 2I~ (aq) —» Pbl 2 (i 1 ) : cj^l^x) _ 1 

: cujJuJI cJbJI v_sv9 j 3 ^ 3 jJI oÜ 3 jI 3 ^LzvJI 0 L 3 - 1 I ô^Lo ctuo^ — 2 

n 0 ( Pb 2+ ) = C A V A = Immol 

n 0 (/“ ) = C B Vg = 2mmol 

iSjJuo£!$<puuj JaJbsJI ùl tSl 4 jj_ujIjüJI o\LoLsjjoJI gjo v_j_ujLuu cAlcl&ioJU cUjJlJI ôiloJI cUxxS ùl Jà>\b 

: JxLàJJ v !! sxfi^> 3 JI J 3 JJJI _ 3 


JxLâJI cj^lao 

Pb 2+ (aq) + 2r(aq) -> PW 2 (i) 

qJjJI cJbJI 

0 

n 0 (Pb 2+ ) 

n o(I) 


0 

j^uji J\b> 

X 

n 0 (Pb 2+ )-x 

n 0 (I')-2x 


X 

qjbji 

Xmax 

no(Pb )"X m ax 

^o(I )-2x max 


Xmax 

ot v-Sl i JxLâJI cuLgj jlâx- v_sv-âü^j o\LclâJuoJI u 

S 0 I 9 qSjJdZQjS^Ljuj 1 O 


\(Pb U )~X„= 0 : 

%b æ = ®~ 


= C/Ya ~ 1 mmol 


x ma *=^r L = lmmo1 
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X maæ = ^™MOl \ />AàJ 19 vjJUl^ 

\ <_S \sb v-SvjLpjJI /)AÜjJI QuljujJ 

X f X 

sç _ J _ nuxx _ j 

X X 

nuvx nuvx 

. v_ 5 ^^ JxLôJI Ol ^JuuLjuüU 
: cLulpjJI cJbJI V_sv9 cLC^jo^ïuoJI 

n(Pb 2+ ) = n(r) = 0 
n ( NOl ) — 2C a V a — 2 mmol 
n ( ÂT + ) = C B V g — 2 mmol 
n(PbI 2 ) = Immol 

6 jjjjéyJ 

J^JbüX )3 C A =2,0.10 3 mol/£ Jjo^iüuuuoJI vl- 3 ^! ch° ô >S>j dbjjuj 3 lÜI Sa v_svjLo J^Jb^o ^jOLc > 93 ^ 
lo^L> £>oJ . C B =1,2.10 3 mol/£ Jj&iii-juuuoJI vl- 3 ^! ch 0 à>!$ÿ /> 3 j^ 3 -£l)I Jl*-juul^ 3 jJl*j 3 > J 3 Jb*joJ S B v_svjLo 

. S B J 3 JbtxJI qjo V B =150m£ Loj^i >3 Sa J 3 Jj%joJI qjo V A =100m£ 
. ôjLpdl CL>p £,lûJjl Jô^>\Us JoJbJI vîlpd 
. pH=4,l : JojJbJI pH v_sJosl; qjjJI àj\j ^Jl <b>p ^jJJ £ 3 >jJ| xsu 

. JûjJbJI pH ^juLa-qJ ol 3 ^\JI JclcÎ _ 1 

. S B 3 Sa ch 0 JS v_sv9 ô_)L>l 3 ixJI ^Ljou^JI £I 3 j\JI vpJ — 2 

3 

. I 

. -bJbJI v_s ^9 rij(OH ) 3 rij(II 3 O ) I ô^LoJI ^ <juuoS ^j-juül^I 1 4 

. X lJLo^jLjujU J 3 J^JU v_sv-â^ 3 JI vlsoJjül 2 _ 4 

. v_S^JL^jJI />AàJI cL 0 ul 9 ^üüûLjujI 3 t cJbJI Jû-C JaJbsJI v. 5^9 [ H 3 O ] f lS jjSjjJl '*_jljuul>Î_ 5 

S QjuÜljulU lilo . ^IfrJI ^OJlQjJI CLjljulÜ I _ 6 

: vl**JI 

! pH jjjjLüJ cüj 3 j-iaJI ol 3 ^\JI _ 1 
>*jo pH jl^> _ 

pH=4 3 pH=7 j Le J 3 JL^jo _ 

. j^XSLO slo _ 

Na + ,H0~,H 2 0 : S B J 3 l^oJI ^ Cr,H 3 0 + ,H 2 0 : S A ^ ôj^I^I ^JLo^JI e^Ail _ 2 

: J^LadJ ^LockAJI cJ^Ls^joJI _ 3 
H 3 0 + ( aq ) + H<9“ (a^) -> 2H 2 0(t) 

\ XjljuüS^j XjlçJ I OÜ 3 jI 3 /) 3 jJ 3 juo 53 \J I OÜ 3 j\J -X^J I Ô^LoJI i^SNjuuOsS vbuUl-> 1 __ 4 

n,. (tf 3 0 + ) = C A V A = 0, 2mmol 

n t ( HO~ ) = C B V B = 0,18 mmol 
: J^LàjJÜ St sv-û-^ 3 JI J 3 -îl<JI _ 3 


J^LâJI cj^lax) 

// 3 0 + (ag) + HO~(aq) -» 2H, 0(i) 

cbjJuJI cJLsJI 

0 

C A V A 

C B V B 


0 

jclâJI J\b> 

X 

C a V a -x 

C B V B -x 


2x 

cuJLeJI üJbtJI 

Xf 

P 

>< 

je 

C B V B — Xf 


2x f 
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n 


\ I oLu\) jjSjjJl _ 5 

pH = 4,1 => [ H 3 0 + ] = 10" 4 ’ 1 = 1, 9.10” 5 mol /1 

\ v_5vjL^jJI yoJ lûjJI cuxx 9 

(«,»*), =ca-% =>[«,'o*] = 


C.V, x f 


f y + y y + y 

V A ^ V A “ v B 


= C a V a -{V a +V b )[h 3 0 + ] -018mmo/ 


• v^jL^-JI ^OJlQjJI Q-^juüÜ _ 6 

ot>9jl 3_Q> Jc^joJI J^LqJôoJI ül (Jju^ o\LcLqJjoJU cLuJuJI Ô^LoJI cLuo^ J\L> ^jO : <_swa3\)l /jJiüJI ^jL>uaJ> 

QVb “*,««= 0 =>*«« = C b V b = () > 1 %mmol : I 

X f 0,18 


T = - 


*«« °> 18 


=i 


: i_sJ^ JxLàJI olà usJLJL/3 

7 ÙJjAJ 

. C= 5 , 0 . 10 ' 2 mol/£ : jjS jjS I UxgJ i u .|J,ûf » S2 3 l _ S JLc jBQjJ 

■ pH=l ,3 3^ ( jjj>3_jjL f ^JI J3J033J 3I Ajjjl(j03_>J I Si 

. P H= 2,7 3^ ( C quuoLl^ ) dJLuj3SLjuü\JI {j£los> S2 

. cLoJI 3 AH cuâjuZ) ch-J J^LàJ cLoUdl cJ^IsjoJI ^-jjS I _ 1 

AH vljüoJI^ Cah jU^cl &° JLo^-j-uIj <^L-ouiiJI clc3xx>loJI j 3Io J v_sv-â-^3JI J3_X>JI vl5\-uLül — 2 

. J 3 JL 2 ÏJ 0 JI V 3 Jj0321juUUoJ I 
; J 3 _jl^JI J\lâjLjujlj _ 3 

. <_s\iS cLoJI ^s3 dJjjJLuOj-JI ül <juu 1 _ 3 

. J 3 ^JI Ijlû^ gjuouj sSjJI JcLàJI k-jjS I 2 _ 3 
! V- 5 V-ÛJZ 53 JI J3_3l^JI J\lâjLjujlj _ 4 
. cLxxJI 3 dJj«jj 3 SLjuj\)l yjjj JxLâiJU v_sdLpjJI /jJlQjJI cLljuuü A^> 3 l 1 _ 4 

. JxLâJI Ijlû> cJ^lsx) côj T güjL^juuü l3lo 2 _ 4 
. v_sdL;jo^ ÛJI 3 J ^_ 5 \Ji 4 JI^juoJI <jjUj 3 jJüoJI Ü 3 J^jJI sS^ 3 j _ 5 
. 1 . S 2 J 3 JL 2 ÏJ 0 JI v_svS ô^ 3 ^ 3 joJI cluUAJI £,I 3 j\JI 1 _ 5 

S* <^5V^uuoljJ^ <^sdLu°^ Üj\$jj QulO^iujJ I 3 L 0 J 3 . Üjl 3 jJI àj\s> ^SLjS juuj3 2 _ 5 

C 6 H 8 0 6 (aq) / C 6 H 7 0“(aq), HBr(aq) / Br“ (aq) : oLk** 
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<VyLuoykS vj\$j ctlb>- 

Etat d'équilibre d'un système chimique 

■ Qr J^lÀJI - I 

^JVjOouJU V_sv 3 JuZîL^JI J^ÏlJI jjuOJ jlAiLo Jj 032 jLjuüJ É^IuCXaS CLC^XXJ^jO cJb> CLjujIjAJ 

. Q r v >°>3 J-clâjJI 

. culJüo £l$jl ijsJLc. JaÀS clc^jo^uo «J b* _ 1 

:cuJLJI cJ^Ls^joJU 3 j>juOJj v^LuCXj^ J^lJ &ÆÔ*Ü ^IuOuiS às^^OSSiLO JJÜSÙ 

aA(aq) + bB(aq) ^ cC(aq) + dD(aq) 

3I o\Lol^o d 3 C 3 b 3 a . v_s^Lo v_sv 9 culJuo D 3 C 3 B 3 A ^LjouiJI £, 13-^1 

. Qj I 

3JbJ QjuuulâJü juuJLuoJI ijs^âjoJI ( 1 ) ^n^jüoJI l $\3 JxIâjJU U 3 >ûjoJI JcIâJI v 3 jsu 

\ à£)\aJ U 4 jJLücxa 2 JI <1££joc%aJU cUa&o 

o -MM 
WW 

cUb* mol/£ u die jjsu X £ÿJÜ i 5 \JbÂJI i^nJ^jdJI gjuuüu iSjdl aji^JI JJüoj [ X] 

[ X] Lo cUb* 3 I [X f ] 4jJlgj cJb- 3 I [Xj J <=LüJü cübJI oji£> ü$£Li ùl ^j^uoj .^^jocuoJU 4jUaa 

■ cLj OÆojfeoJ 

1 i^VÂaJsü iJJjJDJ 

S2O3 2 (aq) oLujju03jü oIj3jI 3 cLoJI v_svS vl- 3 ^! ^(^q) ^Jl v_svjIâj ^ju JxlâiJI jjüsû 

I 2 (aq) + 2S 2 0 3 ”(aq) ^ 2I“(aq) +S 4 Og”(aq) : ^ Jxl&JI ciblao 

! v_s^ culjucdl c^jLjou.SJI gj3j\JI jjS\jj û$Sj c t cdô^JUI v_s^s 

[l 2 ] = l,0.10“ 3 mol/^ 
[S 2 0 3 _ ] = 2,0.10 _3 mol/^ 
[r] = 5,0.1CT 2 mol 
[S 4 Og“] = 2,0.10“ 4 mol/^ 

7 ( 1 ) j^JjLuoJI ^s^ïuuoJI v_svS JuZîbdl J3 J^JIj C^^ÀjoJI J^làJI 
Ju^bsJI J3J^jJlj Ü3JÜJ0JI t cÜôj*JUI AJlC t JxlàJI £jl> üi>| t cloJI ^3 culjuo ^LuOu^JI g^l^jYll £jjoj> 

: 3_q} j^juLuoJI ^jn^juoJI v_s ^3 

[r ] 2 Js 4 o 2 -] 

Q = L J L 4 6 J = 125 

p 2 ].[s 2 or] 

. ÔJ03 03^ JxLâJI <jX 

2 (JVÂaJsü ^JJjJOJ 

: cUUI cj^bxdb cl>Juouu c LxxJI3 dlj9jlu\JI <juu JxlâjJI jjüsû 

CH 3 COOH(aq) + H 2 0(^) ^ CH 3 COO (aq) + H 3 0 + (aq) 

.(1) ^AÎjLuoJI ^joüJuoJI v_sv 9 JpxjJlf Û3jÜjoJI J^lâJI j+jSü btcl _ 1 

[ch 3 coo-].[h 3 o + ] 


Qr 


[ch 3 cooh] 

: t clIcl^JUI v_svS — 2 
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[CH 3 COC)-] t = [H 3 0 + ] t = 1,2. HT 1 mol U 
[CH 3 COOH] = 9,6.10^01 U 

t cdcL^JUI v_svS JxlâJI Ijuà 

Q r = 1,5.10“ 5 


: q-byaJLo 

. 0 J 03 O 3 JJ JcLàJI l >c 

. <uJLd ^oLmjl>I tsJLc dJl> _ 2 

! qJLJI AQ + ( 9 C|) cLàaàJI 0 U 3 JU ^j-uLsùJI jJs ôJuuulSI JcLàJ jjüsù 

Cu(s) + 2Ag + (aq) ^ Cu 2 + (aq) + 2Ag(s) 

. cuJL^ LoLuüL>I jqJæü ^uuübïLÔo j+L cLC^jo^joJI 

. Cu 3 Ag Qjj-JLflJI dJJ_x ^3 Cu 2+ 3 Ag + qjuIjuoJI ^^LjouiiJI <juX 3 jJI <jjo JS c^ 3 joj*joJI j^ü t cdôj*J v_s^ 
O 3 SL; v-sJLJl^ t t CÜÔ^JUI JulC JxlâJI V.SV9 1 ^JlszJU c Lu 03 -S 2 j IjJ jjX ^ J I I ^>Ài^ 

; ^ JxLâJI £jb> 

q=K] 

' [AS*] 

: ^XLbuxl 
3 iSviuJaJ 

cl^l&JI oLq_juü 33 ûIj 3 ^ cJ^Ls^x )3 é Ag 2 S 04 clîclôJI 0 L 1 UJJ 1 S 3 AgQ cuoàJI ^ 3 ^ 3 !^ o\J^lajo <*_jûSI _ 1 

. Ag 3 P0 4 

. JxlâJI £jb> >ulS2j t cJL> JS v_svS Joxl — 2 

ÙJI 5 JI cJb* jux JxlaJI — 3 

: %ju usü — 1 

cLC 3 joj^joJI Ü 3 SJ LoJuX JxlâJI £jb> 1 &_L>Ij v-S^JI cLo^iLlI Qr.eq Ùjl 3 dl JÛX JxlâJI v_Svjo^juuü 

. UJI 3 JI cJL> v_S^3 cL*jü 3 jAxJI 

^LouiJI £,l3j\JI <^âJLL*joJ clJ^àJI CLJ3J0JI jjSljjJI ^S'JLü t UJI3JI cJL> ^sJJ clc3jo^oJI J^ü LoJuX 
\Jjjo cIâJLl^jo J^»ku Lû^JüJl^j <jSjou ^Lul 52X5 [X]eq -X>Ij 3 t <jjoJ-II cLulï clc^jo^oJI ÔJl^J CÜ3SJ0JI 

( ) 3 Î ^JL-oI^joJI <jjuIl9 

■ qjJLxQJoJI I uüLÀJ , LcUüJI jb* OjOuJÊ JüJL^Ü : l5Njü J^ü JoLuUU 
cloui 3 jl^âs j C=l,0.10 3 mol/£ ôjjSjJ dJj 3 jUu\JI S J 9 JL 2 ÏJ 0 J V px> ^s3 <jjuLs c^jJj> jj^sù 

. g = 5,2mS.m 1 : v_s^ 25°C jùc J 3 Jb*joJI AjJL^jo 
. culjuoJI ^LjouSJI £,l 3 j\LI culaâJI CLJ 3 J 0 JI jjSl^jJI ÙJ 3 JI cJL> v_sv9 _ 1 

: 25°C ôj^dl às>jï jlx v_sJas^ 
A- + = SSjOmS.m^mor 1 

H 3 O 

Ku ™ = 4/ 09mS.m 2 .mol -1 

CH,COO“ ' 


. Oj I^jJ I JülC 1 Qr ,éq JxLûjJI ^L0s-*3 ^üJûLju.; _ 2 

. iS^luxiS J $2ciJ àj$jsuxi\ ÜJI 5 JI ÔJJÜ — II 

Ç cüjJüJI ëJbdü ^X^jocf&o ÛJI 5 J cül^ ^S\3 t JxLftjJI ^joui 3 w oJLajü J*fi> 
■ ù jlojJI cül^ l5\3 » LcUüJI ^ ji> lsOLc clJjüJI oJbJI wb : 2 l5\ju JoLujü 

O3JÛ3 25 °C ôjlj^JI CLAJX cLâJLL^uo CL1J3JO oli> dJj3JÜü\JI JjJbtjoJ G ^JL^^oJI (jjuusüj 

! usJLJI «J3 Jl^ïJI ^_s 3 guLuJI 
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C(mol/£) 

1,0.10' 2 

5,0.10' 3 

2,0.10' 3 

1,0.10' 3 

aCS.rrï 1 ) 

16,2.10' 3 

11,4.10" 3 

6,9.10' 3 

4,9.10' 3 


i 

■ J^JbfcjO JtSJ -L^juüuJ b i Ûjl^jJ ! JülC Q r/ éq jxiàJi 

! v_S^-t^S2J 


X_ + = 35,0mS.m 2 .mol 1 

H 3 O 

Ku ™ = 4, 09mS.m 2 .mol -1 

CH 3 COCT ' 

gXjuuLJuUÜ li>lo _ 2 

: 

UjJuJI cJbJI <JJ\S Ul Ljü ùjl^jJI jl k£> J-claJI ü$£j é cUa&d ô^I>> JU£ 

■ ^c^joaaJU 

UjIqjJI PjuU ULF jA> — 1 

K Ù^IsJI CLuU vJNJOuuUU | Qr,éq Ùjl^jJI JUC JxlÂjJI fi yJjAA lÂJ QjuuüüJÜ 

. Ojl.pdl ël^r^Jü Dj 

CÜ^l&oJÜ ^ j üOüLO c L$\jlo JgJbjQ L$s3 JclftJ ^juuUüJÜ c Üj\$J\ OJj\j uü2j 

aA(aq) + bB(aq) ^ cC(aq) + dD(aq) 

n cj .[Dt 

K = = r.t rjp : ^ ui J ^ jl ^ 

[ A L -PL 

. ÔJ03 O3JU OJI3JI cujU fjs: jjsi) \ cdb3J*JLo 

w^JLS JcpcJ Ùjl^jJI Âjüü — 2 

lSI Jl> J33J 3I Io_Xs*juo LujÜj Jl^joJI J^LâixxJI Û3Su loJûi: LK JclâJI ûl jjüsû 

. (K> 10 4 ) Ijc> 0^ K 03SJ Ujulc 

. cdlo^JI cJ^lsxxJI v_sv 9 b>âjuo Lo^-juü Jjo^-juuü cJbJI ô_)lû> v_sv 9 

: JxlS cLoJI gLo <jjpr9jJU4JI J^Uü : JUo 

HC/(g) + H 2 0(/) -> Cr(aq)+ H 3 0 + (aq) 

jaJÛjLuoJI JM|X> i^OtJüoJ I L$v3 O j l^jJ I ^LüU — 3 

■ (2) 3 (1) St 5 ^ oUjc^j qjjJUI QuJLcLâiJI 

aA(aq) + bB(aq) cC(aq) + dD(aq) K : 

cC(aq) + dD(aq) -> aA(aq) + bB(aq) K 2 

I JûC JxLâJI j+j£Ü 3-ûi Jcliü JÜ cLljuuuJU ÜJI3JI cüjÜ j+jSÜ Ù^u I _Ll£ 

K o l c 1-l D t 
K _ 0 

K2 - Q '-- Ka .K 

= ~ ! Ol £Üjl1julJU QjO 

3 (JVÂaJsü ^JJjJOJ 

cLuOàJI j3j 3^ 0U3S J^clûJ LoJuJ . Ki = 5 , 5 . 10 10 v_sv^ QJj\$j cLûb cLziâJI j3j3^ ^-juljuJjJ J^clûJ JJÜSÙ 

. K 2 =l, 8 . 10 " 10 ojj\$j Cüub cLoJI ^svS 
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. J^Jbijo v_sv3 ô^>£xxJI C£- 3 Ag + clû 3 j\JI gJ 3 j\JI jjS\jj — 1 

gxjüuLJuuü li^Lx> _ 2 

jSjS^ ùl^i S?l >J^uL|UoJI JjS^ ^JNj^JuoJI LoJuJ ■ S :$^> J^lfiJ 3 -& >jJjLuoJI ^JNj^JuoJI V-S^ JxLâiJI ûl 

. :> 3 Jc*jo Jl> Jxlâj 3 _d> cloJI v_sv9 cLziâJI 

/)JLftjJI c U-juUU vjJLc OjJ^joJI JâjLuJ^JI — III 

■ iSNjlÿjJI jOJLfijJI QjuuUÜ ijslc CLuJbJI cübül jjjXj . 1 

3 sS^jjpü JoLaajü 


JuZ 1^Ü3 ClJLol^joJI <jjuLÜjO cÜcLjuü^ CIÀJLl^jO oIS dJj3jUü\JI CIjJL^^ jjdUUÜj 

! vjJUI J 3 Xj^JI (^sdlc 


C(mol/£) 

1,0.10' 2 

5,0.10' 3 

2,0.10' 3 

1,0.10' 3 

aCS.m 1 ) 

16,2.10’ 3 

11,4.10" 3 

6,9.10‘ 3 

4,9.10’ 3 

°L|LJuajJb v_S^jLpjJI />Ju2l3u 

C 

1 QuljujJ ^j-juUL>I _ 1 


gxjüuLJuuü li^Lx> _ 2 

: cl^M> 

C 6 jj^SUO jj£\jjJ\ üül^ \jx1S3 fi CUlJüJI CÜbJU V-5\JIfcJI />JLftjJI ^juuU Ü ^J0ui3 

. OjjjfS /)JLftjJI QjuuüÜ VjüI^ 

■ vJ>\jL^jJI ^DJLftjJI ^juuüü ^5sJlc ÙjljjJI °ÜJU jjuÜ — 2 

S* JxLôJ v_svjLpjJI >0-XüjJ ’ c Liljuuü ^ 93 ^ Ch 0 v_s^j bj&j^U I Ojl3-*J I Ajub q^uoj uq_aS 
. ijjJLcUtJ i n SNjlgjJI JPJLftjJI QjljuüU <O jUjD m 4 IhSNjüj AJ JgLuUU 

. C= 1,0.10 2 mol/£ jjj^jjJI (jjulôj Lcx^J <juJ 3 JL*jo _l>L 

. dJ^jlûjoJI S 2 J 3 JL 2 ÏJO 3 dJb 3 jbu\JI J 3 Jb*jo Si J 3 JL 2 ÏJO 

Ki=l,6.10 5 ! ffLoJI gjo dJj3jlij\JI JxLâiJ Ojl3jJI cLûb 

. K 2 =l,6.10 4 ! sloJI gjo dL3jÜüjoJI JxlàiJ û)l3jJI cUûb 
! Lcbû \z>L>3 S 2 3 

a 2 =510|jS.cnn 1 3 a 1 =153[jS.cnn 1 
?S 23 1 1 

JxLûj J^J v-svJLpjJI /)JlsîJI clljuuü _ 2 

X u n+ = BS^mS-m^mor 1 

H 3 O 

Ku ™ = 4, 09mS.m 2 .mol -1 

CH 3 C00“ ' 

\ =5 / 46mS.m 2 .mor 1 

HCOCT ' 

: cl^M> 


■ ÔStSÙjSi s^L^JI />JLAjJI <UjuU Ü VjüI^ fi àjJuS Ùjl^jJI CLuU üjl^ LoiS 
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<VjIu»a£ <\££JO£&0 Oj\$J ëÜl^ 

2 cdjuoLuuJI 

* ■ vSJS 0JLCl3 - yjO uo^- JxlftjJI Cül^ 1 jJJjJOJ 

. a = 0,43S.m 1 J^JbsjoJI cuJL^^o . C=l,0.10 2 rnol/£ ojj£ jj q^j> 3 j_)u^JI j 3 j 3 ISJ S Lu Lo \J3Jb*uo 

. sLoJI gx> ^^>3^Ju^jI j3j3^ J^cIûj I _ 1 

v_s^9 ôjl>I 3 juoJI oÜ 3 j\JI jjj5l jJ 3 clû 3 j\JI CUJ 3J0JI oLJL^^oJI J31 >joJU G qJL^oJI jju±sü JclcI __ 2 

. JsJb^oJI 

. J3JbïuoJI v_sn 3 OÜ3j\JI ôJlû^ jxSljJ .^Jo _ 3 
JxLâJI Ijl^J clljuulJIj dJL>Ljüüuul 3_di Lo _ 4 
. 25°C àj\js> cu>ji ju^c I + =35,0mS.m 2 .mor 1 ,À v ._ = 7,63mS.m 2 .mor 1 : ^sJosu 

H 3 0 C£ 

2 <j j>oJ 

dL3jJuJI ^yÎLo^J v_suLo J3Jbtx) cLLzjI^o t qJL^I^joJI jjjuLë (S= 1,0cm 2 ;L= 1,0cm) cuJL> <da_juul3 J ujuujL) 

. G=2,03.10" 4 S : a ^9 C=5,0.10' 4 mol/£ 

. J3Jb*joJI IJlûü v_sv9 v_S_\JI JxLâJI cU^Isjo — 1 
. J^clôjJI IJlû^ v_s^ 3 cd^oJI cLu 3 j\JI c^LuOuiSJI jjSjJ — 2 

. JxLûjJI IjL^J ^SuL^JI /)JLûJI CLxjuJL ^jljuüL’> _ 3 

. JcLâJI Ijlû> cJ^Isjou CU3JÜJ0JI K Ùjl^l cuûLi ^j^juuc>I _ 4 
= 35 / 0mS.m 2 .mor 1 ,A v . u „ vv _ = S^mS-nf-mor 1 : v^üasü 

H 3 O C 6 H 5 COO 


** 3 uJjj OJ 

. cLoJI gx> dL3jLujoJI JxLûj cJ^Uix) — 1 
. JxlàJI lÂû> cJ^Isjou CU 3JÜJ0JI K OJI3JI CLÛÜ _ 2 

C=0,010mol/£ ! 3_üi i>3>UJI dL^LüjoJI u ^u^u \jùjj£jj$ V=100m£ ^Luou5 cic^oj^jo >xiaj — 3 
: 0JI3JI cJL> v_svS JxLâJI /)Aüj ol qjo ^ 3^^ t t 0JI3JI cJL> v_sv3 K= 1,6.10 4 0JI3JI cuûb J LoJLc 

. l,2.10" 4 mol 

. Ü3JbïuoJI pH ^ L ajla-juJ Ojl3xJI ^Jb> v_S\3 4 ^LlOsxSJ ^l3j^l ^ûJLl^joJ c uJLsLqJ I Lo _ 4 

*4 ÿjjxJ 

kSj L*j v_sJLüuo ^Jusi^üj C=l,0.10 2 mol/£ HCOOH dJb3jÜujoJI u^lo^J S \J 3JbfcX) 

jjjuLxiij . p=80% LS3LUUÜ LSjb^jJI oj^JI \_s3 J3Jb^joJU cuJL^JI ^*~-axjlâJI 3 1 d=l,22 cu^liS ^xxo^JI Ijl^J 
. G=5,4.10 3 S jc*jl 9 k=l,0.10 2 m 1 c u r JL> clûü cLLz?I 3 joJU jjjüLxQjo I 3J S J3JbïjoJI cLL^I^o 
ôjxSjJ So J3 JL^jo qjo V= 1,0£ jjukiszjJ ÔJL>I sSjJI LSjb^jJI J3JbtxxJU Vo _ 1 

. C 0 =l,0.10^mol/É 


. So J 3 Jb*joJI ^jjo ls\JJajl S J 3 JL^joJI <jjo V^= 100m£ cls^x^joJI cLûj^tJI iJlæ _ 2 

. cLoJI 3 dL 3 jLluoJI O*-! J^LûjJI ctblajo _ 3 

: S J 3 Jb*joJU clljuljljJL _ 4 

x A 

^Vmax = — } \J^~ ^ Vmax v_S^jCXJ«JI /)AÜjJI güJuLjuJ^ 1 J 3 >lJI j$\cü J 3 _L> 1 — 4 

^üulxjuUU IS Lo . v_$\jLpjJI />JlûjJI c IjljuUÜ 3 OJI 3 JI AJlC v_SVXXJ«JI ^OjLftjJI I 2 _ 4 

. S J 3 Jb*xJI pH ^0^1 _ 5 

I 3 -J! CUjLJ c \juUj^U CLCXx 9 £Oiljuül3 JcliüJI ^jL> jjulSZJ JûlCI _ 6 

p eau = lg / cm 3 cLoJU ^joj«JI cLL^ji : oUûao 


jül ç. clû 3 j\JI clJ^oJI qJL^^oJI M(HCOOH) = 46 9 / mol ! dL 3 jLüjoJI u nxyj^i cuJ^oJI pJLSJI 
X u _ =35 / 0mS,m 2 ,mor 1 / À U rnr k - = S^ômS.nf.mor 1 : 25 °Cô j I j j> 

H 3 O HCOO 


















<VjIu»a£ <\££JO£&0 Oj\$J ëÜl^ 

2 ciJLuaJLuuJI 

* ■ v_$\JLS ojlcIS - u^uo^ JxIâJI cül^ 1 vjjjjoJ 

. a = 0,43S.m 1 J^JbsjoJI cuJL^o . C=l,0.10 2 rnol/£ ojj£ jj q^j> 3 j_)u^JI S Lu Lo \J 3 Jb*uo 

. sLoJI ^^> 3 ^Ju^JI j 3 j 3 ^ JxLûj ^jS I _ 1 

v_s^9 ôjl>I 3 juoJI oÜ 3 j\JI jjj5l jJ 3 clû 3 j\JI CUJ 3 J 0 JI oLJL^^oJI J 31 >joJU G qJL^oJI jju±sü JclcI __ 2 

. JsJb^oJI 

. J 3 JbïuoJI v_S^3 oli 3 j\JI ôJlû^ jjSIjJ — 3 
JxLâJI Ijl^J clljuulJIj dJL>Ljüüuul 3 _di Lo _ 4 
. 25°C àj\js> cu>ji _u£ I + = 35,0mS.m 2 .mor 1 ,À v ._ = 7,63mS.m 2 .mor 1 : ^sJasù 

H 3 0 Cf 

: vl<^l 
: JxLâJI cj^lax) _ 1 

hci ( g )+ h 2 o ( 1 ) -> h 3 o + ( ) + cr ( ^ ) 

G clJL^I^joJI j+jsü _ 2 


: J^zLôjJU v-sv-â-^^J I J3_3 l>JI 
: J^liüJU v_sv-û^ 3JI J3-X<iJI 


4JbJI 

/jJLÜiJI 

HCl (g) + H 2 0(£) -> H 3 Q + (aq ) + Cr(a$) 

4ujJI 

0 

n 

< 

> 


0 

0 

JclàJI 

X 

CaVa -X 


X 

X 

qjLpJ 

JxUJI 

Xf 

C A V A -Xf 

->^S 

Xf 

Xf 


; LjjJ JcLâJI cuLgj _Llc 


x, = n, (H,O* )=n, (cr ) => [h î o*] / = [cr ] r =i 
<T= [H,0*1 + [cr ], . 4 ,- =* CT=[tf J o*] / [4 + 4 r ) 

! J 3 l>uoJI <*_sv 9 OÜ 3 j\JI jjSljJ JuJc^J — 3 


<7 = [H,O*] / ( 4 j 0 .+ 4 r )^[H J O*] f 

[ Cr ]/ = [ H 3 0+ ]f = l0 ~ 2mol lt 


- -r = 10 mol I m 3 =10 2 mol / £ 

(v + v) 

. ^.Svl^ JclàJI 0I9 = C A ot la-l 


2 vjj >oj 

dL3jjuJI yjèu o^J v_svjLo J 3Jbfcjo cLL^I^o < cLL^|^oJ| (S=l,0crn 2 ;L=l,0crn) ^uJL> I3J jjjuujL) 

. G=2,03.10" 4 S : C=5,0.10' 4 mol/£ 

. J3JL2ÏJ0JI I Jlü> k_s 3 OJl> sSjJI JxLûjJI cj^lax) ^jl^I _ 1 
. JxlàiJI IJlq^ K r s3 qJL>jüjoJI clû 3 j\)I cULuo^JI I^jYII jySjj _ 2 

. J_clûjJI IjL^J ^SuL^jJI ^jljuUÜ ^_j-juUL>I _ 3 

. JxLâJI Ijlû cJ^Ls^jou cu 3 jüjoJI K OJI 3JI cLûb — 4 

X =35 / 0mS,m 2 ,mor 1 / ^ u ^_ = 3 / 23mS-m 2 .mor 1 : 
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: v ls=JI 

: JxlàJI _ 1 

C 6 H 5 COOH (aq ) + H 2 0(£) ^ C 6 H 5 COO~ (aq) + H 3 0 + (aq) 

\ J-cLô-JI \_s^S cdb>JJjoJI CLu^j\il ^LuL jcxxSJI _ 2 


! JxLâjJI v_sv5 ^JL>JûuoJI clû5j\JI 

H 3 0 + 3 C 6 H 5 COO~ 
: J^liüJU v_sv-û-^3JI J3-X<JI 


4JbJI 

jlûjJI 

C 6 H 5 COOH (aq) + H 2 0{£) ^ C 6 H 5 COO~ {aq) + H 3 0 + {aq) 

cujjJI 

0 

c A v A 

.*^3 

0 

0 

JcUJI JU> 

X 

C a V a -x 

J^9 

X 

X 

J^LâJI culgj 

Xf 

CaVa -Xf 

JÀ>9 

Xf 

Xf 


; LüjJ JcLâJI culgj julc 


=»/ (« 3 o* )=», (cr ) => [h î o*] / = [c 6 h 5 coo-] / = i 


<7 = [H,O* ], . V + [C^COO’], .l Ct „ !C00 . => <7 = [H,O* ] y ( V + ) 

[tf 3 C> + ] =■ 47 -A^ia-3, 


■ = 0,53.1(F molli 


( ^h 3 o* ^C 6 H 5 COO~ ) 

[C 6 H 5 COO~~\ = [h 3 0 + ~\ = 0,53 A0~ 3 mol / £ 


\ ^svjL^-JI >oaüJI c Luujü_3 


Xr 

T = —— 


= [H, 0 ‘] F 


X maz = C-V 

[H P A 


T = - 


C 


= 0,11 = 11 % 


K = 


: JxlàJI Ijufc 4J:>1 &oj ^J3_>ÜjoJI K ùjl$JI 4juU _ 4 

[h 3 o*] [c 6 // 5 coo-] [// 3 o*] ! 


/ 


[q/^coo/j], c-[tf 3 o + ] 


= 6,28.10" 


** 3 OO" 

. cloJI dL3jlijjoJI J^cIûj _ 1 

. JxlàJI I_Slû> cJ^U^jcv cü 3 jÜjoJI K OJI 3JI CLÛÜ j+jSü — 2 
C=0,010mol/£ ! 3_ûi i>3>LoJI dL^UujoJI [sbjj£jj$ V=100m£ clc 3 jo^jo — 3 

: OJI3JI cJb> v_sv9 JxlâJI joXsü ûl qjo ^ 3-ii^j < t OJI3JI oJ\j> v_sv9 K= 1,6.10 4 ÛJI3JI cLulï J LoJLc 

. l,2.10" 4 mol 

. J3JbïuoJI pH çÿXLxjül S* 03I3J1JI cJL> v_s\S ^i^LjouiSJ ^ 13-i^l ^qJLl^joJ Lo_4 

: vl^JI 
: JxlàJI cJ^U^jo _ 1 
HCOOH(aq) + H 2 0(i)^± HCOO~ (aq) + H 3 0 + (aq) 
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! JxLôJI I_)lû> sloj Qj$jsuy}\ Ojl^JI cLûb j+jSü _ 2 
J: [H,0'l.[HCOO-l 

[HCOOH] f C-[Hft'\ 


; Ojl^JI cJb> v_sv3 JclâJI J ,jjo ,J^qj*uJI _ 3 

: Je bull v-sv-â^^JI J 3 JqJI 
: J^dLôjJU v-sv-â-^sJI J3-X<JI 


qJbJI 

/> jlûjJI 

HCOOH (aq) +H 2 0(l ) ^ HCOO~ (aq) + H 3 0 + (aq) 

cUÎjJI 

0 

C A V A 


0 

0 

JclâJI JU> 

X 

C A V A -x 


X 

X 

JclâJI ëuL^J 

Xf 

CaVa -Xf 

->^3 

Xf 

Xf 


; LüjJ JclàJI ëulgj Ju 


[h 3 0 + 1 = [" HCOO~ ] = 

L Je^ L Jeg 


À>- 


-2 

2 


eq 

V 


K 

V 


C- — 
V 


K = 


eq 


c.v 2 


■v v 


4 + ^.y.x e? - J s:.c.y 2 =o 


**=- 


-A'.V ± aSV+ 4 C 1 ? 


-^.V + y/K 2 V 2 + 4CKV 2 


eq 


'■ 1,2.10 4 mol üî sSl v-ot^joJI J^aJI jbsù 


: J^JL%joJI v_svS ô^^>^oJI ob^j^l JjLà^oJ AJæûJI jq$\ÿ — 4 
[// 3 0 + ]^ =[HCOO~^ =^- = 1,2.10 ~ 3 mol II 
[HC00H\ q = C-[tf 3 C> + ] = 0,0088 »»//£ 
pH =-ù^[H 3 0 + \ =2,92 

*4 

lSjUïj J 3 JL 2 ÏJ 0 J v_sOLüüo yJuSLZzJj C=1,0. 10 2 mol/£ HCOOH dJb 3 JÜLuoJI S \J 3 Jbfcj 0 j^l>ô 

jjjuujij . P = 80% V-S 3 LUUÜ LSjb^jJI »*_5v9 J 3 Jb*joJU euJLSJI cUljuuuJ^ t d = l,22 eU9liS Ijl^J 

. G=5,4S a^jlS k=l,0.10 2 m 1 eu A> ^u/b <=iJLwoI^ joJU jjjuLqjO q]cuuj\$J S J 3 JL 2 ÏJ 0 JI ëbL^l^o 
àjjSjj So J 3 JL^jo <jjo V=1,0L jjuëczjJ ôJl>I c-jszj sSjJI sSjbtJI J 3 JbtxxJU Vo — 1 

. C 0 =l / 0.10" 1 mol/£ 

. So J 3 JbsjoJI ,jjo ls\JJojl S J 3 JL^joJI <jjo V'= 100 ml j+ælzüJ ^slUjoJI Qsujki\ _ 2 

. ffLoJI 3 dJb^ÜUoJI {j£LOS> { Jjü JclâJI <=U^>Ls 2 jO C r jjS\ _ 3 

! S J 3 Jb^xxJU ëUjuuuJb _ 4 

f X ^ c 

^Vmax = ^ a , X X\/max v_S^jCXJ^>JI /)JLûjJI güJuLjuJ^ 1 J3>lJI j$ieü J3_\J> 1 — 4 

S ÇUjUjuuu ISLo . ^svjL^jJI eU_AjLiÜ 3 OJI 3 JI JUC v_S^j 02 >l>JI />Jl£uJI <^jljuuL>1 2_ 4 






























R 


. S J^JbtoJI pH v_jljuJL>I _ 5 

6 

p eau =lg/cm 3 eLoJU àujx^d\ cJLill : oLkao 
julc cuj^jill ^J^joJI «^JLô^joJI M(HCOOH) = 46g/mol : cuJ^joJI cdLiSUI 

=35,0mS.m 2 .mor 1 ,À,u„ n - = S^ômS.nf.mor 1 : 25°Cô,l.p* 

m^O rlCOO 

: vly*JI 

p clJLSJI qüuljujJs d eus LS So J^JbsuoJI qjo ôjl>I sSjJI lSjL^jJI J^JLüjoJUV vLum-> 

. Vo c loj ^>3 Co ôjjjSjJ J^Jbïuo ^svJLc 
: c 4ic ^IjjoJI J^JL^joJU Co >*S>JI ol /xlsj 

n(HCOOH) 


C 0 =- 


K 


qjo ô^3>lcdl cdLSJI ol lsI Vo/>j«JI v_sv 9 :>3>3joJI dL^liuYII ijbu <x> ô^Lo cluosS n^HCOOH ) 

; s5^ So J^JbtjoJI 

n ( HCOOH ) = m ( HC00H ) _> m ( HCOOH) = n{HCOOH).M(HCOOH) 


Q = 


M (HCOOH) 
m (HCOOH) 


M (HCOOH).V 0 


; V <* 3^9 ô^3j>3joJI ^bJI dl^LAII C LLS vLjijo 
: v_svj3> <LjjJiJI ,jjo ëÔ3>loJI sSjbüJI J^JbsjoJI qJLS * 

d = => Arcoo» = d xp eau 


Peau 

m’(HCOOH) 
V 


dxp eau => m'(HCOOH) = dxp eau V 


Q = 


cuJLSJI cliljuulJI p ol /xlsj3 . lSjLoJI J3JL2ÏJ0JI qjo ôS3>LoJI cdLUI ôjlû> px> V 3 
: v_sv^ V v_sv 9 ô^3^3xJI clzJLJI dL3jÜLijoJI qJLS ol lSI vd^jbjjoJI 
m(HCOOH) ^jOL: dxp eau V oSI HCOOH <jjo 80 g ^svJLc LS3J00 J3b*joJI <jjo 100 g 

. clzJL> 

: ob m(HCOOH) = p.dxp eau V 

m(HCOOH) _ p.dxp eau xV 

M ( HCOOH).V 0 ~ M(HCOOH) .V 0 

C () xM ( HCOOH).V 

V = — -^= 4,7 ml 

P-dxp eau 

; So J 3 JL 2 ÏU 0 JI <jjo Is\LLüI S J 3 Jb*xxJI qjo V ,= 100n£ cull^joJI clqjj^JI _ 2 
^ 3 -Joj i C ùjj£jj$ V Qj&szj> S Ü 3 Jbïuo ^jOLc So J 3 Jb*joJI <jjo ô_L>I sSjJI V /)j^i>JI ^juüjîO * 

: <^ûjiOoJI ci3\ic 

C.V ' = C n .v => v = —V ' = 10 m^ 
C 

. 10m£ co3 ^jo cl^Lo cUcljujI^j /xj«JI ôjl^ Jl>L * 
. 100m£ eus <jjo <VjLsjo c LL>3j> v_s^ 1^-sLzij * 
. lSjL^oJI liiJI ^jJJ J 3 ^ 3 JI J^l 9 dl >=03 >büjoJI cloJI * 



















: JxlàJI cJ^Isjo _ 3 

HCOOH(aq) +H 2 0(£) ^ HCOO~ (aq) + H 3 0 + (aq) 

: J^^JU J3-V^> 1 — 4 


4JbJI 

/> jlûjJI 

HCOOH(aq) +H 2 0{1) ^ HCOO~ (aq) + H 3 0 + (aq) 

clJjuJI 

0 

C A V A 


0 

0 

J^LâjJI J\b> 

X 

CaVa-X 

->*9S 

X 

X 

JxLâJI culgj 

Xf 

CaVa -Xf 


Xf 

Xf 


*v^=Y 7 - = ^=C = 1 , 0.10 - 2 mol I e 

r h o + 1 y 1 

Xy eq = ^ = L = [h 3 0 + ~\ : üjl^JI Julc ^ys^i I^ojlüjJI vL^ 2_ 4 

: v_SV-Û> Ojl^JI JÙ_C J^JbfcjoJI <xJL^£jO ül oLLsixJI UuuUO 

^=[»30*1 s =[hcoo-1 8 

= [» 30 *], • V +[«COO- ] r ,1 HC00 . => a = [» 3 0’], (!„„.+ 2 flC(W . ) 

[«.O*! = 7 --- 5,4x10 f , m î =133 1Q i mo ii( 

1 J/ A .+2 40,46.10-’ 

x Vé ^ -ly^AQT^mol ! I 


T = - 


x Veq 


X 


= 13% • ^OJLfijJI c La_ajlÜ 


y nuvx 


K = 


. j^jùûLuoJI ^JOïUuoJI <^_5\S Jc^uo Jl> JxlûJI Ol (^üuuüuüU 

pH = -Co^[H 3 0 + ] = 2,9 -5 
! K ojl^JI «ijub vbuuL^ _ 6 

[h,o'\.[hcoo-\ [// s o*] : 


[HCOOH] eq 


c-\h 3 o + 1 

L Je, 


= 1,8.10 
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. iSOU J$JbuO \S 3 ûJLCld - jjâüOO' OUclÀJÜ <\j$jSLo}\ 

cLoJU usù^jâJI cIjlsJI — I 

■ cLoJU i^njIjJI I JJboJI — 1 

1 JdLaaJÜ 

liS 3 Ju^O^I V_SVjLâJÎ L_S^-C kS$JOl) 3j\J LxIL> <jjUlJ cLjXfcSJI jjJ^LOJ JjO^IjuiJUoJI jJoÜjoJI cloJI 

jj^ÆOZjJ QJj2jjÏï)\ olj^oJI vjOLc v_S^jJI ÔJüL>3JI 1^5^ CLzIil^joJI O I l9 . ot/3j\JI <JjO ^^^11 [jÂSLl 

. ^JbJI cloJI 

. pH = 7,0 3 Gr o = 5 , 5.10 6 S .m 1 cuJL^cy 25 °C ôj^dl às>j± jülc ^^xlbdl cLoJI >uoju Lulüj 

1 

S* juj> Juz>3jo /)l t J-^30 />I djj-^SÜU JjLs^ clxJI <_â^3 « <J Cu — 5 , 9 . 10 7 5 . m~ l 

.H 2 0(£)l HO~ (aq) cl>3^>oJI H 3 0 + (aq) / H 2 0 (£) ^ 3 ^>oJI ôacIs 31& H 2 0 sloJI _ 2 

H 2 0 ôJlcIqJI 3 H 2 0 ^/ibojJI quu JxlâJI qj^l&o 1 _ 2 
v_s^ ôJlcLqJI ^ 3^3 H 2 0 (£) I HO (aq) cl> 3 ^>oJI ^_s3 ^^bo^dl ^ 3 ^ é v_s^J 3 âJ £. 3 ^ sloJI 

cu> 3 ^jjoJI quu ôJicls ^^bo^ JxlàJ cLoJI Jj>L usJLJ^ H 3 0 + (aq) / H 2 0 (£) cl> 3 ^>oJI 

! cuJUI cJ^laxxJI £ ^LuLaJI cL>3^jjoJI ÔJlCÜ^ ^3^1 

H 2 0 (£) + H 2 0 (£) ^ // 3 <9 + (fl^) + //O" (fltf) 

cLoJU JJb^JU juûüLuoJI ^%àoJI l$v 3 JcIâJI (Jsjouuuu 

. u^JbJI cloJI v_sv 9 HO oÜ3jI3 H 3 0 + />3J3juoS 3\JI ot^l JJLc 2 _ 2 

cLoJU usOljJI St s03j 3>JI JJbtJI ^yxIbJI sloJI Ju-juo^jJu^JI 0IJ3JI3 /)3jû3^ja$3\JI 0IJ3JI 

/>jlqjJI3 0JI3JI JulC JxLâJI /)Jlûj t ^bJI cLoJI <jjo V=l£ />j«J cliljujuJU 25 °C jü^c 3 _ 2 

. J_cLôJ! l-X-pJ v_SVjL^jJI I c La_ajJU (^UuuLjuijI . L _S\ J Zi 9^1 

Peau =lg I cm 3 cloJU ^joj«JI qJLSJI ; v _5 V Jos^ 
! /)AüjJJ v_s^ûjZ)3JI Ü3_)l> 


4JbJI 

/jjlüJI 

2H 2 0(l) ^ H s O + (aq) + HO~ (aq) 

oJaJI 

0 

n.(H 2 0) 

0 

0 

JxLàJI JU> 

X 

ni(H 2 0)-x 

X 

X 

Ojl3JI JulC 

Xea 

ni(H 2 0)-x e a 

^ea 

Xea 


Ojl3 JI JulC LujJ V_SV-Û-^3 JI J3JqJI 
: 25°C julc JxLâJI 

^=« << (ff30 + ) = [H 3 0 + ].l' 

■\Çr pH .V=lQ - 1 mol II 


x é« 


: 3_oi 

cLoJI 3-d) Jc^oJI J^dLôJüoJI ûl lSI v_svi^ J^LâJI ol ijÆjJlÔjJ 


n i ( H 2 0) - 2x maa . = 0 

m {H 2 0) p eau .v 


= rh_ 

1mm ^ 


: 2Smol 


2 .M(H 2 0) 2 M(H 2 0) 

\ sv-di <_s^LpjJI /a- V . g Ji.)I c^a-ajuü 
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T = 


eq 


= 3,6.10 


-9 


LuüLjjI <S$jà*J yjC. JLâJI cloJI sSl j-JuübuoJI ^JvJ^juoJI v_s^ ^3 -JC*jO Jl> JxlàiJI ol Quuü bouO 
. AjljuüS$jJulçJ\ ob^J^ I ob^jl <JJ0 QJuSLÏ) JL> ^LuOs^ cloJI 

. ï$x>lo jl^t JxÜü C cLoJU i$vj|jJI 15O3J3JJI JJbeJI 

S" 25 °C jul^ Igjuo^s Lo . JxlàJI Ijl^j cü3jüjoJI 0JI3JI cujb j+jsü JclcI 4 _ 2 
: v_sv^ sloJU v_svjI jJI v_s03J3>JI JJL^JI cJ^laxxj cü3jÜjoJI ÜJI3JI cLûb 

*.=[«.0*1, .[*0-1, 

. cloJU v_s03j^JI cljc-db ^JUXjuJÜ 

: cidM&Jü OjJLoJI JjJbuoJU QjuuuuJü çloJU 1503/111 elJiaJI 'JSjsù 

k .=[^ o ' IA ho \ 

■ JgJbfcoJI Ô^l>> 0 >jJU Ke OjjLJI s^lsüJ 
Ke=l f 0.10 14 OjjUI i>b 25 °C JUC 
pK e =-logK e ojjUJI JUjl 5 JjzsumjJ 
. <K>:jS JüljJJ Ke ojjUJI àjxà jüIjjJ 

l vJNAjuJsü 

. 25 °C ôjIj^sJI julc B 3 A <juJ3JL*jo vjOLc ^330 
pH = 9,2 3^ B J3JbïjoJI pH 3 |^//0 = 4,3.10 4 mo/ /£ : 3^ A J3Jb*joJI v_s^ HO ob3j\JI >aS>j 

. A J^Jb^oJI pH 1 

. B J3I2ÏJ0JI HO Juljul&Sj Jjl^JI ob3jl ^-jljuüoI _ 2 
. cuJlcLqJI 3 ôJubtxJ^ ctuàjOJ^dl JjJbsjoJI _ 2 
! güüuLjuuü sloJU v_s03j^JI cIjl^JI J\b> <jjo 
pH — pK e 3 |"HO J = ^// 3 0 + J -V|b^o J3JL2ÏJO v_sv 3 035b 

pH < — pK e 3 | HO J < [// 3 0 + J : J3JL^jo ü$£j 

pH > pK e 3 [HO-]>[H^] : ^SJLCÜ JsJUo Ù3I, 

xjOJ*>l 0 JlcL 9 <^>3^>oJ OmsuocJI OJJÜ — II 

UL|>£j — 1 

■ v-sObJI JijujJI ^^JLc cLoJI V_sv3 HA Jl ùl^i Jü-C sSjJI JclftJI cJ^Ls^X) <*_jûiSb 

HA(aq) + H 2 0(£)^± A” (aq) + H 3 0 + (aq) 
cuJUI 33\lsdb Lpj-C jjSL)$ CU-XXO^JI CLulü JxLâJI IÂ£j cU3 > £boJI OJI3JI cLûb ^svjOouuü 

mr.^i 

[AH] 

. ôjbpdl cL>jJu \JJ cU-^jo^JI qjûb ^3!^ \J 

0°C ôjll^> jllc A" a (NH+ INH 3 ) = 8,0.10” 11 : Jlix> 

5°C 6 j \>> ibrji Ju^ K a (NHl INH 3 ) = 6,3.10 
50°C 6 j\^ ^ Ju^ K a (NHl I NH 3 ) = 3 > L1 ° 


K a = 


-10 


i _ 9 
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pK A = - Cap K A cis\l-sdlj AH/A cu>3^jjoJU pKa AjuUI ^9jsti 


l?-3i>oJI JOuull 

PK a 

49r3à>oJI 

/>3jÛ3_juoS3\) 1 û3jI 

0 

h 3 o + 1 h 2 o 

O Lu > ^ 3 ju 03 j _Loà û3jI 

1,9 

HSO a (aq) 1 S0 4 ~(aq) 

dL j3_q_juü3_qJ 1 

2,1 

H 3 P0 4 ( aq) 1 H 2 PO a ( aq) 

dL jjJu i 

3,5 

HF( aq) 1 F~ ( aq) 

dJj3j LüjjoJ 1 

3,8 

HCOOH(aq)! HCOO~(aq) 

Aj$jJuJ\ ij^xjys> 

4,2 

C 6 H 5 COOH ( aq) / C 6 H 5 COO~ ( aq) 

v±JL? 3 J ÜLi \J 1 u ^loj> 

4,8 

CH 3 COOH ( aq) 1 CH 3 COO~ ( aq) 

-E- 

OÿjjSJ 1 Ju-jua^l v_S^jIâj 

6,4 

C0 2 ,H 2 01 HC0 3 ( aq) 

£ £ 

/> 3 jÛ 3 jo\JI Û 3 jI 

9,2 

NH 4 (aq) / NH 3 (aq) 

£ 

OI/ 3 J j^3ju;J>3 j û 3 jI 

10,3 

HC0 3 ( aq) 1 C0 3 ~( aq) 

cloJI 

14,0 

H 2 0( 1)1 HO~ ( aq) 


: cüô^Jlo 

: v_sJLJI JijjJI ^sOLc cloJI gjo BH + ^^bo^dl JxLûj cJ^lax) <<-jj£3 BH + /B cl>3^>oJI cJb> ^3 

BH + (aq) + H 2 0(£)^± B(aq) + H 3 0 + (aq) 

: BH + /B A^^jjoJU à^Æuyjz. Jl ÜÜÜÜJI JJUlSj 

M 

. K a cLmSuocJI <UfÜ 3 pH v>ü ciSlLaJI _ 2 

! v_jü5Li ùl A/B Jü c U-jujuJIj 

[s][h,o*] 


tf„ = 


pK A =-tayK A =- 
PK A =~ 




+ n [B] [5] 

Hfi ] _fa »hi =• ^ = P K ‘ + t °*T7\ 
J [A] [A] 

■ sloJU ^LuuüLaJÜ ^jyâJOAJI tüJÜ — 3 

: vêLO^/ ôJlcIs < juJj>3^Jjo v_svS J^Jüj v_s^J3-âjol £.3^ cLoJI 

H 2 Q + (aq)IH 2 OU) Ç^Oi-oJU cLuuuüJU - I 

H 3 0 + u^bo^JI cJ^I^xxj cü3jÜjoJI cLauJojo^JI cujUJI v-S^ H 3 0 + IH 2 0 A^>3^jjoJU Ka à^xjysz. Jl AjüU 

. =LoJI 

H 3 0 + (aq) + H 2 0(£)^± H 2 0 (l) + H 3 0 + (aq) 


k a1 = 


h 3 o + 


h 3 o + 


4 = 1=> pK M — 0 : AJUI Aà\lsjJU K A i cuàoj*JI AijbJI o-c _ysu 


H 2 Q(£)I HQ- (aq) woJU cUjuuüJU - 
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yjèü o^dl àJASLOJ cü 3 jÜjoJI cLOcl o^JI cUüLiJI v_Sv-û> H 2 0 (l) / HO (aq) cU> 3 -bjjoJU Ka cUub 

. cLoJI gjo H 2 0 

H 2 0 (£) + H 2 0 (£) ^ HO~ (aq) + 7/ 3 <9 + (^) 
a: A 2 =[/f 3 o + ].[//c>"] = J f: e => p/i: A2 = ^ : «jui cü\LdUKA2 ^üji 

K a2 = \_H 3 0 + ].[h0~~\ = 1(T 14 ^ pK A2 = 14 LjjJ25°Cô J l i> >ib ! . i p JLicssI 

. 0Jicl3 — u^uo^ JxLâjj cü^jjîaJI ùjl^jJI 4 jjü — 4 

cu> 3 ^jjoJU cLuoJjuoJI B 2 ÔJLCI&JI 3 A 1 /B 1 cL> 3 ^jjoJU v_svjcx 1 JuoJI Ai ^àjo^dl qju ôJlcIs _ JxlàJI 

: A 2 /B 2 

A { a q) + B 2 (aq) ^ B x (aq) + A 2 (aq) 

: v J-cLâJI IJlûü cU 3 jÜjoJI UJI 3 JI clûU 

„ Ma] [fi]-[w,o-] [a 2 ] 

~[AM “ [A] [b 2 ].[h,o*] 

K _ _^L - 10 PJC ‘ _ 1 a(P^2-^i) 

k 2 io~ pK * 

. usOLo J^Jbuo v$v3 JLCI 5 JJI 3 ooLo^JI J^JLuu qjjl&jo — III 

. %sv lo JgJbuo ^s\3 u^Lo^JI J^JLuj Oj jlftjo — 1 

2 iSNjüjJSÜ JdLaaJÜ 

S 2 3 Si >xiS 2 j 


pH = 3.4 

C a = 10" 2 mol/l 

K a (CH 3 COOH/CH 3 COO) 
1.8 .10' 5 

db^jlljVI JsJbto 

( CH 3 COOH ) Si 

pH = 2.9 

C A = 10' 2 mol/l 

K a (HCOOH/HCOO) 

1.8.10' 4 

idj^jÜüjoJI (_/ iuyj> J^JLs^o 

( HCOOH ) S 2 

. cloJI v_sv9 HA cul3| _XJlC lSÜJ 

JxLâJI ctbl six) <^_jaSI _ 1 


HA(aq) + H 2 0 (£) ^ A (ag) + // 3 0 + ( aq ) 

. i>3>loJI vl-boJU C jj£jjJ\$ pH cJ\Jju JxlàJI Iv_svjL^-JI cujuuü j+jsü Jo^I _ 2 


qJbJI 

/jJlQjJI 

HA(aq) + H 2 0(£ ) ^ A ( aq ) + H 3 0 + (aq) 

CbjJuJI qJbJI 

0 

cv 


0 

0 

J^UJI J\l> 

X 

CV-x 

J^9 

X 

X 

ÜJI 3 JI cüb> 

Xéa 

CV-Xéq 

x?s> 

Xéa 

Xéa 


! v^S'ulpjJI /)JLQjJl c La_ajlÜ V-_j<laSj 0 J 3 JI JülC 


** [tf 2 0*] 10->» 


! v_sJbJI J3-X<iJI /XjoJÎ _ 3 


vA^buuoJI 

db^LüVI u^u^> 


2,9 

3,4 

PH 

12,6% 

4% 

T 

1.8.10' 4 

1,8.10‘ 5 

K a 

3,74 

4,75 

CL 


S* c LajüL_QJ jjSjjJI LgJ CLajuûjO^ JJbfcX) pH «^SVjlgjJI /JJlQjJI Qjj-vjJ jjSLjJ OLaS _ 4 

pH ois Lois 

S* LpjJI ^o_\j2jJI c l*_ajü 2 j pJLc Ka AjubJI ^jov^s jjub Lo_5 
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< -Lv_ajULjJ Ij jj^\ ^-LCQjO^JI CLûb CjJ IS LoJS QSLSÙjJO O3SJ v_S^jLgJI ^/OJl&jJI ^Ç-juUU Ol QjulÜ l^-^-JI J\L> CH° 

. «OuulqJ jjSjJI LJ cLCojo^> JjJbsjoJ 

/>JLAjJI QjuuüÜ C g ju \J JU jjSjjJJ ^juuUûJÜ fi Vjül^ b{ fi A 2 \jÎOlQ& ÿJD i3£3l Ai \jOa Ùjiü 

> r 2 ) >*5Î ctoJI gjo oJLcLâJ ^sOL^JI 

. v_SV-^L0sJ> cJb> V_sv 3 JxUjJLI V_svjlg-Jl >0JLÜJiJI cLljuUÜ T cJ\Jjü Ka >jl2j l_jCSI — 6 

: ol güiJOjuü v-Sv-â^sJI J3JCJI J\L> ,jjo 


[^]„= c - 


V 


T = 




[«J»*] 

L Jg^r 

s f tj n + ~l 

C 



[^ + ] 2 


eq 


c-\h 3 o + 1 

L J à 


^3 


(T.C) 2 


C-T.C 


■K t 


r 2 .C 

1-T 




/?AT a1 < pK A2 V- 5 JUIJ 3 ]£ A1 > AT A2 0 I 9 r, > r 2 : culS bl9 v-JUL^ T J cuAel^ü cüb K A 


: cl^M> 

! IJ t «^ 33 ! ^jÂjys* O 3 SJ < j-^S^jJI < jjULQj LJ cLuLo JJL^jo ^^blo^Yl cLjljuuljJIj 

. Isus^à J 3 JL^joJI pH olS _ 
. àj+siÆ pK A cloUI ol lsI t ùjjuS cdb>jüjoJI cl> 3 ^jjoJÜ K a clu^jojJI clüU culS _ 

iSnjId JJb&o %S& XC. I 5 JÜI OJgJLuJ cü^L&jo — 2 

3 JoLJüü 

. 25°C jce t C= 1,0.10 2 mol/£ jjSjJI ujulôj IxxJ S 2 3 Si jjüsù 

K a 1 =6,3.10 " 10 JLû 3 X)\JI J 3 Jb^o : Si 
K A2 = 2.10 11 jjuoî JjuuO J 3 JL 2 ÏUO ! S 2 
■ pH 2 =ll,4 3 pHi=10,6 LeLû _oo3 < 25°C jllc qJ 3 J^joJI o^ - ^^ pH iju_a_qj 
. cloJI v_sv3 B ôAeUJI culSj JCe <uJc*j uSjJI JxLûjJI ctblax) l_jCSI _ 1 
B (aq) + H 2 0 (£) ^ BH + (aq) + HCT (aq) 

. S 3 >LoJI C vlJ^JLJ jjSjjJI 3 pH cJ\Jju JxLàjJI Ijl^J v_svjLgJI jlüjJI culjuu j+jsü .Lel _ 2 

n ( HO ')„ [HO-] IQ»"^- 

T n. (B) C C 


jjSjjJl jJJÜLQJ LJ CUJlcIS JJl^O pH cJ\Jjü T v_S^jL^JI ^/OJLQ-jJI CIjljuUÜ juL^jü UQ_aS _ 3 

LJ cujlcIs JJb^oJ ^LljuüJIj >+SI t culS 1 j-*SI pH olS LoJS cul pH cO\Jju T J j^uJI ^jo ^julü 

■ j^S^-JI jjjULQj 


c 

0 ^-ol J+J 1 - 0 

JLu3jo\)I 

ôjlcUJI 

11,4 

10,6 

PH 

25% 

4 % 

T 

2,0.10 11 

6,3.10‘ 10 

K a 

10,7 

9,2 

CL 


. K a cJ\Jju T jjjJzjü OuS cJbJI ôJaî> - 4 

^aSI pK A JI 3 jsl>£>\ K a O 3 S 3 ^hSI x culS LoJS qjI guL üJI c^+v 
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4JbJI 


B(aq) +H 2 0(£) ^ BH + (aq) + HO'(aq) 

cuJjuJI cJbJI 

0 

n i(B) 

J^9 

0 

0 

J^LàJI J\b> 

X 

rii(B)-x 


X 

X 

üjl^l cJL> 

Xéq 

rij(B)-Xéq 

jh?3 

Xéq 

Xéq 


K = 


: i_s^> JxlàxJI cü:>laoj c(J3_>üjoJI Ojl^iJI cUjU LujJ 

[ BH *]J HCr L, 


J éq I 

[B] 


X 


eq 


H 3 0 + 


h 3 o + 


K 


|~BH + 1 rH 3 0 + l i 

= --pf--xTliO”] xl~H 3 0 + ] =-.K 

[B],, L Jé, L J Ka 


K = 


K, 

K. 


v_svjL^ jJI />JuajJI ^jljuuü cJ\J_Xj K Ojl^JI àjjlii q^uoj 

X 


x_=C.Vùl^T = J-,[B] i =C M 

X 

^ max 

[bh-JJho-^ (a) * CT , 

C(l-x) 1 — T 


K 


J eq 1 

[B] 


k = ^ = Ç^k 4= Iz±k 


K a 1-x 


Cx 


T J cüJlcLzij cüb OjlsJI ^Lüb ûî lSÎ 
T J cuJjLj Ka ÛI 3 

: cl^M> 

! I^j 6 ( OjmS T ) OJLCld U$Sj i jjSjjJI ^juuüüJÜ 

. U4 JsJbuoJI pH ul5_ 
■ àjjukS pK A âjjUI iSl à ^Jb'JüuoJI Ka ^mûuoûJI gljü üjI^ — 

- S ^Uou^JI oltaJsctjo IV 

4jü0uiÿJI olbdSÂJO — 1 

! AJUI ^L 9 \JLszJI ,jj_Q_2fcju v_svjLo <^3 A( 3 C|)/B( 3 C|) ÔJlcIs _ Ôs>$Sjx>J cLljuuuJIj 


pH = pK A + 


0,0 


pK 


B 14,0 


[A] = [B] 


PH 


\j£ UD^/6jLClS < ^,9^j JÛ JJ CUXkX^JI Jaia ^ JO 

A/B 


M 

[A] 

: ol Cl9\lsdl £>juï> J\l> ^jjO (^UuuüuüJ 

ùsSu %|^| = 0 ol S\ pH = pK A o 15 N 
Lo^J clüsI^joJI <3jJlcIS3 vÀxyszU 03 ^ [A] = [B] 

■ Ch 0 *-^1 V 9 ■ jjjulqj 

[B] 


Û35u i 


[A] 


>0 ol s5l pH > pK A o 15 N 
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A [a] > [b] o^ji 


M 

[A] 


. B ôjlcLqJI [a] < [b] 

< 0 ol sSl pH < pK A ol* lij 


NH4VNH3 cl>3^JjoJ| ôJlcIS3 QuS { jjqul^j lSjJI pH Jbïjo \ f^ÂjuJûü ijjjj&j 

■ pK A ( NH 4 + /NH 3 )=9,2 
. oUaJaàgo — 2 

. B ciüsI^joJI c üJidS3 A t LuLo \J3Jb*uo jjüLsiJ 

[A] 


J^JbexJI ^ ÔJlcIüJI cUjuüü dLLSg cc(A) = 


[a]+[b] 


jIJlQjoJI J3JL2ÜJO i^S^S u èLOS*)\ ^jljuüÜ v-SVJOouUÜ 



a(B) = 


[B] 


r , r , : jIaüjoJI 
[A] + [B] 

v_s^3J Quj L> JijjJI v_sv 3 gjJ3^JI iikiitjo JjuOsj 

J 3^CH 3 COOH/CH 3 COO“ cl>3^>oJI 

i J3JbïjoJI pH cJ\Jju ÔJLCUJI3 {jÆloszAI QJJJ3L0JI 
. ôjl^JI Qs>j$ ujulqJ Jul£ 

côj a(B) = a(A) 03^ ^blûj JJlC 

. pH = pK A ol sSl [A] = [B] 

CÜ 9 JL 0 JI vÂJüJl^iül — 3 

KJUjSÜ — I 

ÔJlcIS 3I lJ>3Z2_C {j£LOS> Ü3JL0JI 

V-SO3J ûl 9 v_$vjLo J3Jbïuo ^svS -^>3 li> J 

. ^JiJLofcjo cUsI^oJI qjj^^ 

çLoJI vjv3 Ü 3 JL 0 JI vÂjuiiiJI vjJÜ — V 

Hind v Ü3JL0JI lslujIUU cu>lsdl qslk^x JU jjojJ 
<jjU cJ^lsxJI 


Hlnd + H 2 0 


H s O + + Ind 


O3JL0J I vAjJjKJU cua^UJI àsuj&}\ Ind Ü3JL0JI ^_ô_jJjLSJLI q^æuos* Jl I Hind cloJI v_s^ O3JL0JI ^_ô_jJjLSJI 

\H/)']\l,ul] 

[Hind] 


K a = 


K A QuuÆUD^ CUj Lîu OJI3JI Îjuî> JjjOÛU 


pH = pK Ai +log 


: v^UI u 

[//zd 


^SLajuJI ^jOLc l^JüLiS v_svjj I 3 


[ind 


[Hind 

; o\)b> vl»\Jj JjjjoJ <J^uOsJ 

[Ind"] e >> [Hind] e ■ cübJI - 
> 10 cJbdl Ô_)LÛ> v_SV-û3, ^Ioj-juüJ v-S^JI v_SV^ U2_jJjI£JU CUJlcLqJI às2+*&}\ 


[Hind 

pH > pK Ai + 1 oi| pH- pK Ai >1 oî tsî 


[ind ] 

log r -i>i 

[Hind] 

[Ind'] e << [Hind] e : <u>UI <übJI 
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! ÜJü-C cJbJI ôJlû> jküLJujJ v_svjJI v_s^ ^Ô-aJjISJU cUuuOjo^JI Qsu*&}\ 

, Ind~ I ^ , j î [HInd ] 

[ HInd \ [lnd~\ 

pH < pK Ai - 1 oi>I pH - pK Ai < - 1 
[Ind’] = [HInd] : <uJUI <übJI 
t.sJJ llSjJI HInd 3 Ind i_sO^J ,Jjjllaj J^JbcxJI O 3 J ül9 cUx >3 0 +*®**^ ù-° sSl \J 

k a = [h 3 0 + ] O^Sj 3_)l^JI ôJuî> <-S^9 s ■ c <-jujLjuj^> àij^L LgjJLc J^LSioJI cUj^JUI l _j\jcx_uuÜ3 . <jUaaj\JI cLfiJaJuo 

pK A = pH 3 

iSlIog.i^JI cüÜoJuoj t _s\jo^ujü pK Ai + 1 3 pK Ai - 1 ijjLj ôj 3 ^£i^toJI pH Aahùjo^ 


pKa-1 


HInd oJ 


t a l L,'^ l iôL'^ 
■y 

pH\=pH 


dKa+1 


A i r] i i - i --. J 'i 


Tri.:i- 


pH 


ûJLCld — yjûJ^ ÔjjlSJoJI — V 

sJUjSÜ — 1 

v_sv 3 ( ^ÜxxaljuuuoJI ôJlcLûJI 3I ) Jjo^juuuoJI jjSjj 0+*^ v_s^ ( ôJlcL 9 3I ) J3JL2ÏJO ô^jU^jo 

. ô^jIsxJI JxlôJu ^svjOouüu ôJlcL9 _ ^jÆlOO JxLûj jUdb dUi >3 1 J 3 JbtX)JI Ijlû* 

! ÔjjIsjoJI JxLûJ Jo^juuJ 

: ô^jLsjoJI JxLûj û35u ol 
. LJS jc^jcxJI J^cLqjuoJI cll 9 dLL^uuu ! L*JS_ 

. ÙjjuÆS ÔJüO JlS^I LJô^ïJ v_SV-P-*jj ■ Ls 2 Jj»juJ _ 
. jjlsxJI £.3^1 gjo \J( jLitxJI jjlsxJI £, 3 jJI JxLâij \J : LuLüJul _ 

OjjIaaJI ^JujJo — 2 

. JxlûjJI j\b> IxJbJI O 3 J jjSÙ ^Le JU 0 JL 2 J v-S ^3 CLJI 3 IJ 0 JI ÔjjIsjoJI 
. JxLûjJI J\L> iaJbJI cuJLz) 3 jo j 3 -t^i gxli ^jOLc JuoJLsj v_s ^3 i ^lJL^I^joJI jjjuLüj ôjjlszxxJI 
. J^cl&jJI J\L> JoJjaJI pH j 3 Iq j £xjij i^svJLc JuosjisJ «_sv ^3 pH jjjuLüj ôjjlaxxJI 

33LSuJI _ 3 

v^jljuuuJI jjL^joJI ) QuJLcLâJuoJI clâü>l JulC i ôJlc19 _ ^yxo^ ôjjIsjo J\L> 33ÜJI ^àszJj 

ÔjJ Ls 2 joJI JxLûJ cJj^oJ c LûSI 3 joJI CLuljuJ LuJ I 0 \LoLajoJI ^33 13 J lSI ^jju 03 ^ 3 ji-JuüJ I 

cl> 3 ^JjoJI vÂjzo yj+j JxLâj A 2 ôJlcLqJ v_s^jIjo J 3 Jbijoj AiH yjêuos*} v_svjLo J 3 Jb*uo àjjisio cLuI \Luo 

: cuJUI cJ^laxxJI A2H/A2" cu>3^>oJI ôjlcIs3 A1H/A1" 

A 1 H(aq) +A“ (aq) —> A 2 H(aq) +A“ (aq) 


n(A 1 H) = n(A 2 ) : LjjJ 3 âlUI julc 

: , LcÜüJU jl^jdJI , LcUjuoJI qsuAo u\süj 6 wLg-oJI cLuI : cLbo^JLo 

■ , LcLajJU Ijl^jo UcIajùo vU^oJI uoiu g o3l5uJI , U3 — 

■ , LcLgjJU Ijl^jp UcUlüp vü^dJI uoiu 431UI jlæj - 

33 LSLJI OoJLgjo — 4 

c pH i J 3 JbüjoJI O 3 J ) JxlûjJI J\b> ôjj^ûoJI cuJUjjLâJI ôJjucxjcxJU ^Isvj^LâjoJI 3 SÜJI /xJL^joJ 

. ( clJLu^joJI 

jjlsxJI J 31 >joJI f*X> l _S\j0^juUU 3 t QjqJSLUQ Ls2joJI 3 jjlsxJI ) QuJLcLâijoJI LuuOsS O3SU t 3SÜJI Jla_C 

. Ve u cd >0^3 33 ÜJI t «J^LojoJI 
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pH gjülJü ÔjjIaoJI — VI 

. JjojJI àjujl b — 1 

: cuJUI ol^k^JI g-oj pH ^juLiîj B ôjlcUj A ôjjIsxxJ 

lSS jjUixJI J^JbijoJI <jjo Va Lj^o ^os^s> cl^Lo clL-jujI 3 J <juLS*j_ 

. <jjuIS v_S^ 3 c L ! üZlj 3 \JjuO jjSjJ 

CUS jjosû$ ^.LiÜjoJI s:LoJI <JjO \LiS (juulfLlI ^jJJ V_Ûju£Ù_ 

/Xji iCUjLc JjJbïuO cÜcLjuüI^J cÜojuuO ASIJ jJlO — pH jlgj> jJJUC^uO 
. LuuübïLÛo iaJbJI v_sv^JüULkûâxJ dlPpïjoJI Js^uü 

. dï^jszx) jjSjj sSii jjI^joJI J^JL^joJU cl>jAxx Jl Qs>[j^uüJ\ \LoJ _ 
pH iJjJlaSÜ^ jjLs^joJI J^JL^ÏJO £ CL>1>1juuJI cÜcLjuüI^J Ic^JjJÜ ^_ju£Ü _ 

. ci^Ld| JS JulC JaJbJI 

pH 3 jjl^oJI J 3 JbsjoJI ,jjo Vb ^LcloJI £ J 3 -)l> v_s^9 O 3 JÛ _ 

. pH=f(V B ) ^jvJl^JuoJI Joiü /xj £ às\^>\ JS _Ll£ JojJbJI 

OJLCÜU yjOJ& Ôjjl&O — 2 

^ÜcLjuüI 3 J dJj 3 jLiü\JI ^^UX^ J 3 JL 2 ÏJO ôjjlajO i4 v_SX+J><*ijJI JoLuüjJI 

. /> 3 j^ 3 j zJI Jl^jujl53j_Lo^ J 3 JL^jo 


O3JÛ 


C a —10 2 mol/l ùjuSjj dJj 3 jljj\JI ^uxj> J^Jbïjo { jjq V a —20ml ^sOLc <jjuIS v_s^s ! 

. CI 9 L 0 J JS JjlC JaJbJI pH jJjULlÎL^ Cb=10 2 ÙjjSjJ I^3jzJI J3l>u0 ÔS>\j*LJuJ o]cUuj\$J Ic^JjJÜ 


: v_sJLJI J 3 JCJI L^-JLc Juzi^joJI 


&C*nl) 

0 

2 

4 

5 

8 

12 

16 

18 

18.5 

19 

19.5 

20 

20.5 

21 

21.5 

22 

24 

26 

28 

pH 

3.4 

3.8 

4.2 

4.4 

4.6 

5 

5.4 

5.75 

5.9 

6.1 

6.4 

8.6 

10.4 

10.7 

10.9 

11 

11.3 

11.5 

11.6 


: ojjIaaJI J^laJ qj^l&o - I 

CH 3 COOH(aq) + HCT (aq) -> CH 3 COCT (aq) + H 2 0 (£) 

pH = f(V b ) : pH jjsü cjc^jüo _ v 


pH 
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: sl>>l cÜ\Ü ,jjo Ü3SJJ culc JuZi^uoJI ^svjl^juoJI _ 

. a^joJI JxLâ^joJI 3 ^ HO . LiS v_sv-âi^j HO o\J \JLJL 9 pH jjszjj. 0<VB<llrn£ : MN * 
cjjaJI Ijuà v_sv9 Jc> 3 j ■ Jc^oJI JxLâijoJI jjSù pH J ^l 5 OrlâJ 0 j+sü 11 m£<Vg< 13m£ NB * 

. ^sISjJI cdaüj ^Lloj E ^UasLil cdaüJ 
usvjLu 0 ^ jisj /XJ 3 HO Cjl^ju^I cujl> cux^s ^sJJ l_s v -^Luu 3 \Lis pH Vb>13iti£ BQ * 

. dJj3jLjVI 3^ A^uoJI JxLâJuoJI jl^3 

* 

; ^svJLc Juzi^ü 3sISjJI _Ll£ ôjjL&æJI 
n(CH 3 COOH) = n(HO") => C A V A = C B V B 

. 33 lSuJI ôJaMj jüjl sü Q^suS — g 

! oLajjLosjoJI cüîjjJo * 

T2 3 Ti ^jujLcxjo JjyJsü cüJlcIqJI ôjjlaoJU E 3SlSLJI cl hsù JuJc*j \j 5 joj, 

T /)uJiijuuuoJI hé» /xj 1 33lSjJI clLxqj /xJûj v-S^JI cLqJojuoJI ch 0 CH^fW 5 pH=f(VB) ^jvjl^uoJU 

. Lcx^Juu qsLuuuoJI (jdüLfij <w $xJLc Jl^3ï? 3 0“^H^^ J o^oiJ sSjl^oJI 


pH 



ciü jjio * 


dpH 


cJIjJI ^LLjLuuo -= g( V b ) ^^xjl^juoJI hé» t J3 _)l^jo JLcxs^JLjuuI dJUiS 3^1SJI cdaüJ JuA^J 


dV, 


. Vb <^LoX)JI /XJ*C*JU CLjljulJLjJL pH-f(Vb) 


dpH 

dV 


g(V b ) cüijuuUjoJI àjxi3 ü$£j < 53l2uJI JU.C jjIaaJI J^JbuoJI j>x> t VbE Juc 

( Lo 3I güOüi.9 ) Idl/buo 

pH 3 « V E =V bE =12mÊ Ü3^9\JI JulC <_S>o 3 «tou 3 À>1 = g(V b ) ol ô\Lcî J1 _UjJI ^s3 id^\b 

dV 


. 8,3 kS$Lulu 3âlSJI julc JoJbJI 
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cbul^JLoJI ÔjjI&oJI — V 

. OjüI^JLoJI o^jLsjoJI Ijüüo — 1 

. Ô^jU^joJU Û3JL0 «aLjJjIS JLo^ji-juUU CUA^lS _ CLy£bOJ> ôjjlaxJ Ve ^SlSLJI JZX> JüJCfcJ \j 5 jOJ' 

JgJb&oJI csJ! ôLsuoJI U3JL0JI vâjujISJI Ù5J jJwÂjj $S\£jJ\ QLoJlgjo ^oûJ CLJI3JL0JI ôjjIsjoJI cLül 

■ jjl&oJI 

. CUJLCl9 — CLuygUOC^ ùjjlsuxi Ù5JL0JI vÂjuüÜJI jLa>I — 2 

JuO L J-*JüOJ v^j-»LiuoJI Ü3JL0JI L 5 JI jujl^uJ 
. <J*LojoJI ^jLsloJI J^JbsjoJI jzx> V JJüoj 

JUljuO^jJü^ J^JbïuOJ dL^jÜüYll ÔjjU^jO J\L> : JUuO 


pH 



: ^svJlJ^juoJ I J\b> qjo 1 ào\Sû 
Ni JAC l -9 Uqsj \JI ^jjo ^sv-^Jüu o^UWJI <1 _ 

. N2 CLLüjJI _Ll£ ^ 9 Üo 52 j\J <JjO v_SV^-^J3 M2 à^XSüJ\ AjlC ^ 9 ÜoSij\JI v-SvS ljuj J3JOSJJ3JO3J-JI — 

cisllos^l ^JjJajuo 0I3 N3 clLlûJI Jû£: St S'-0Aju3 M3 cdoüJI Jul£ <Jallas*j\JI ^3 Ijlu qjJLûJI J3JULÀJI _ 
. ôjjIsjoJU Ü3JL0JI <^ô_juul 5 JI lÂûi JLo^jüuul jj^uoj s?! pH E = 8,3 3SÜJI cdoüj /x-£ü( 8 , 2 - 10 , 0 ) 

: 

^Uouud 33 UsisjI ^aJajüo üuuowiisü l^j i cüJicld — ^IuSijo^ OjjIaoJ LuujLùo Ù5I0 vÀjujI^ Ùjiü 

. 53LUI <büu 

■ ^uL^jjoJI gjüLiü oJicld . g^uo^ OjjLsjd g jü y . IV 

OLuuoJI 1 CLjAjJDQJsJ I ^jjü La_2J ÔJlcL 9 _ ôjjl&Æ S-aJ 

J3JL2ÏJ0JU V cJ\Jju G cuJLz)3joJI J3I2J JJuOsj v_S JJ I G = f ( V) 

. «JL^loJI 

. ^SvJl^juoJI IjLpJ QjjOuJÎAjuiJUoJ I QjUJaJI ^blûJ 331 UI 

— ^Uiâjo^JI OjjLsjoJI JéCIâjJ ijvilgjJI ^ojlajJI ^ Lu mu ü — VII 

. OjjlcUJI 

( cLajLuuJI àjjj*üJ\ ) I^3jzJI J3JL^uoj dJj3jÜü\JI 3 jJlcIüJI _ Puu^lo^JI ôjjLsæJI J^clàJ jjüsù 
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CHjCOOH(aq) + HO - ( aq ) —> CH 3 COCT ( aq ) + H 2 O ( / ) : JcliJI 4Jala» 


: JxLâiJI J3-)c> 


AJbJI 


CH 3 COOH(aq) + 

HO” (aq) —>CH 3 COO“(aq) + H 2 0(^) 

oJ-xJI 

0 

n 

< 

> 

C B V B 

0 

J^3 

JU> 

J^UJI 

Xf 

C A V A - x f 

C B V B - Xf 

Xf 

J^3 


Vb<V B E V-SLaxJI JLa-ju dS$j J^JbfcjO JÙX> Vb ijijJ 

joAâjJIs v_svJL<JU3 JuljujS^jJu^J\ ob^jl lSÎ t jj LssjoJI JxlâJüoJI A^joJI JxlâJuoJI cJbdl ôJuî> uSvS 

XfnoÆ = C B V R ■ cUbdl ÔJlûX V_sv9 I 

! n f (HO ^ ô^Lo ^LüûLjujI 3 [HO J jjiSjjJI jujl^j ^jo v.^'JLcLôjJI Jo_Jb*JI pH ^julx 9 * 
: J s jqJI Uuu^ 3 Ke = [H30 + ][HO“] 3 pH = -%[h 3 0 + ] 

[HO-] = < ?, V i~ Xf => *r = C b V e -(V t + V,).l(^*> 

■ v_S^ v_^jL^jJI /)JLajJI CLjljuUÜ ül9 ^UU 5 

. C B V B -(V A +V B ).10 (plH,K ' ) 

x= f - 

C B V B 

X — 1 ,_sJLc Vse Ch 0 jà^>\s ^àJLusio Vb <*j_ajuuJIj ôjjlaoJI J^LàjJ /jJlîLJI cUjujü -üc 

. v_sJ5 J^eJ cUAclaJI 3_y£LOjdl _ ô_>jlaoJI JeLàij Ü3 _>ÀjoJ ùl sSl 



















usOLo J^Jbuo (_s\3 oJLcld — yjc o^LcLfijJU oj^jaoJI 

(jJjlogJI 

• *^^^3 ®L(jUjj(3 jQ3^ c L|j3^^ JJLj ÔjjUJI ^LuuuJI 


1 (JJjJOJ 

. cLxxJI v_s^3 ûUôjJI v_sÿ 9 jl C 6 H 5 ONa /> 3 p 3 J zJI o\J^àj3 

. cLoJI v_S^ CUl^S J-ClfiJ cJ^IsjO ^jjS] _ 1 

. cLoJI gjo CôHsO Û 3 j\JI J^cIûj cJ^l^o JLoj^LajjIj t JuZI^joJI J 3 JbïjoJU cuJlcUJI ôj-uoJI JJLc _ 2 

. pH = ll,3 Jc*û3 />3 j^ 3-zJI o\J3jul9 J3JL^jo pH < jjuuüj _ 3 

S J 3 JbïuoJI ljLd> v_s^3 CôHsOH/CôHsO cL> 3 ^jjoJU qjOu^joJI £,3jJI 3-d> Lo _ I 


[C s H,0-] 


4juuJI_JI 


► l_ 


[c 8 h,oh] 

. 25°C Jul£ JxLâJI Ijlû> oJsisioj CU 3 JÜJ 0 JI UJI 3 JI cUulï cLou3 _ £ 
Ke = l(T 14 s pK A (C 6 H 5 OH/C 6 H 5 0“) = 10,0 

2 <j jjjxj 

juzxiszi I Cjuj3I^3ju^JI Û3jI Û3S3 LÎ*jj> Cjuj3JL$3juo^3 j3j315J v_svjLo J3Jb*jo ÿX ôjLlC Jui 3 b> sLo 

cLoJI v_sv 3 jJLjLjuUUCX Jl j+ê. $j$JS$julçJ\ vêuysz} clûSI^joJI ôAcLqJI 30*3 JlaâJI v_svj U 4 JI 
. JukSbr sLo JlaàJI Lp-JJ v_sv joJJu s^JI ^yiu)j>/ôJ lC ls cu>3^jjoJI v_sv^ Lo _ 1 

. JJLc qjOul^jo Jj31> cLo v_sv 9 JU^âJI jjÆûszi I ûl jLi£:l pH s?î CH 0 L9\JLL>JI _ 2 

[c«rl 


. pH—7^5 U ^UljuulâJU 


Jéq 


w, 


CLljuOjJI 


l_3 


( 'Jlqszj oJI JukSbr cLo qjo oljJa9 cuJJ OuLi^l sLo pHJJ cLoujUI ôJlû> ^9^) 

4 

C0 2 ,H 2 0/HC0 3 (aq) ^l> 3 ^>oJI u^lo^ vl-^oJI ü 3 jj 5 JI Ju-jua^l v-s^Lu 03^3 

. CU-blsÆ V^jûiSI J^IàJI |jLd> v_S^9 ^Jj>JûuoJI Jxl^üoJI Lo 1 _ 4 

K a 3 K a cJ\Jju JxLâJI Ijlo^ cU^lsxJU CU 3 JÜJ 0 JI K 0 ) 13^1 cljü 2 _ 4 

pK A 2 (C0 2 > H 2 0/HC0;(aq)) = 6,4 3 pK Ai (HŒO(aq)/ŒT (aq)) =7,3 

3 vj jjjoj 

^£LOJ> gJj3J -bbLi^jo cljL> JijJjJI L^ï! — 1 

HC^O(aq) J 3 J 3 I 5 JI 3 Î 3 j 3 K 3 ju^JI 
Cjuj3I5JI Cjl^ïü Û 3 jI clûSI^joJI cüJlc193 

.HCr(aq) 

cl> 3 ^JjoJU pK A cLûLdl LuLuuo 1—1 
Hcæ(aq)/cæ~ 

_ 1 CL^y^^jjoJI ô_Lûi CLuOuU^ JoJo^jO gUJLLjuul 2 _ 1 
û 3 jI (v) 3 Ch° S?l 3 

CjU j31$3jui^J I 



&o HC^O(aq) JxUj cJ^U^ 4 - 1 

. sLoJI 

gjo Ci=l,0.10 2 mol/£ ^3^31531 cjl^j u^bo^ l^ho Si v_svjLo J 3 Jbïuo ijjq Vi=20rn£ Losj^> £>oJ _ 2 
. pH = 7,3 Jpiû3 JaJbJI pH u jUL +^-' ■ C2=Ci OjjSjj /)3-»^3-zJI JlhuoS3jJu^J S 2 J3Jbijo ,jjo V2=10rn£ 

. pK Ai (H«0(aq)/C»-(aq)) = 7,3 Jl>L 
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. oU^jI go Jl Cx>j ^ibo^ JxLûj cj^lao 1 _ 2 

rc/o-i 

. JaJbJI v^s =■ -J^L^JI ^UO^I 2 _ 2 

[«OH]^ 

li-pj v_svjL^jJI /jaüJI /xj Ju^bdl v^Ljo^SJI J 3 -xj> visoJjül 3_2 

4 _ 2 

cl> 3 ^>oJLI cuzioj*JI cLüb K A 3 Ke cJ\Jju HO" go HCÆ)(aq) JxIà^j cl^jüoJI K C 0I3JI cuqb ^ ^ 5 _ 2 
S' 2 4 JI^juuJI gL uuLjujI go ^3313 ^ cu^ûüJI i K /xj t HC^O(aq)/C^O 

. Ke=l,0.10" 14 : 

4 jJjjjoj 

/)3 j^ 3^JI J3Jbtoj C A C 6 H 5 COOH(aq) lü^jjuJI ^/âo^* J3Jb*o qjo V A =10,0m£ Loj^> jjlaj 


pH ^ jÛCXjl 3 J^LajlJÜ3 £ jjlsoJI J3JL2ÏJ0JI ^1 jjlaoJI J3JL2ÏJ0JI Lc^JjJü l Oi/j , C B =l,0.10 _I mol/^ Oj^jj 



Jl^l v_s\9 JjuoJ . ciàLoJ jJS JlLC Vb i_9LojoJI 


dpH 
‘ dV B 


— g(Vg^ 3 pH—f(V B ) c bLà_juül 


. ô^jL^oJI J-cIûj cJ:>lao _ 1 
. E 33 ISLJI cLkaj v_sv^jI -^>1 bjb-o) _ 2 
CLcXjkS ^üuuLajüI S* V B 3 V A 3 0 B 3 Ch^ ^^sdl bo _ 3 


pH ^j0ui3 ^_XJ> £ pH —f(V B ) ^_5 VjlJ%jloJI JLcxsü-juüb _ 4 

jjSjj ^üuuljujI £ V B =4,0mé!/ xj>i^*JI ^isLuoj jllc kjJL^JI 
U^ülSJI v-5x3 CUJLûLoJI HO 0 U 3 JI 

. L^J^lo CljJbS /XJ 

J CLjLJuUuJb ôjjlsoJI J^LàjJÜ v-SVjlpjJI /> AÜjü I CLljuUÜ 

. £üjl^juüI . V B —4,0rn£ 
/xju1 <jjo ô^jIsoJI ôJLd> b3lo IsLaJjI^ £>i 3 l — 5 

■ jLc>\JI IJlû3 JJLc ■ ^jjüjjJI v_sx3 cu>jJuoJI w_û_juü( 3 ^ 3 i 

. Ke=10 14 ! cLoJU v_sÿ 9 j\JI tljcaJI v_sJc^ 


5 ûj>oj 

/^juul^JI v_sv9 £ <^1333 ôJlC v_sv9 Jc> 3 j v-svajuk JC ^o°LuLflJb ^_93^S2 joJI C 6 H 8 0 6 Auj$5^uj\)\ 

" ôjLjJj\JI L^juJb: Jjcxj^j JijJ j ^jOLc cJjüuzJI v_svS ôjl^ü . scorbut >à^JI cIju culz)\JI ^jJJ vâjszj 

" C1000 3 Î C 500 o^°U^ 

qJl ^ftjyÎQj3 £ C A =1,00.10 2 mol/£ £ dijjj35Ljuj\JI J 3 Jb*o ^jo V A =20,0rn£ lo^> £ ^jjül^ v_Sx5 Jc>b _ I 

. Cb=2,00.10 2 mol/£ 3 -^JI J 3 Jb*jo QJO V b Loj^j> 

. JuZjbJI JxLâJI cJ^Lao ^jl^Î _ 1 

^[H 3 0 + ] jj£jjJ\ gjLi^juul . 4,0 JxUjucxJI kJbJI pH LS 3 LUUU 3 5,0m£ ^LooJI V B /xj«JI lS 3 Luoj 25°C jûc _ 2 


. cujL pjJI qj JL> kJL>Jl n f (HO ) ô^LoJI cluosS ^jüûljuüI 3 kxJb^JI j^HO jjSjjJl v^jl_ajuc>I 3 

S" (^ÙuuljuUU ISlo . J^cL&jJU Xf v_SVjb-iJI /)AüJI I 3 I _X_ûi j 3 lo J _ 4 

JuZX^ïjoJI güLJI guaj . jküoJI sloJI qjo JjJ 3 v_s^3 «33^uuuuoJI v_juJû 3 ci3_Lo v-S^ C500 q^LulûJI <jjo Lz 5 j 3 ^ 3 ^juuü _ II 
<jjo V A 10,0m£ Lo^> Jl>L . S J 3 Jb*o ^sOLc JuZX^3 Ijll> JaJbü 3 ^JaüoJI cLoJb ô\LoJ 3 ( 100m£) lSjLso < 3 j 3 ^ v_svS 
Û 3 I 0 <^ô-jJj 15 Jlo^juub . C b =2,00.10 2 mol/£ CU 3 vlkxJI >!$ÿ -^^ 3 ^-^^ J 3 Jbsoj ùjj\sô$ S J 3 JbtxJI 

. jjU^oJI J 3 Jb*oJI qjo V BE =14,4m£ci3Lo| aic 33 I 5 LJI ^jOb: £ ^j^jujLo 

1 

2 
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-E- 

J3/JjUI jjOJ>I 

---E- 

J 3 XXJU 3 J 03 jjJ 1 k 3 jj 1 

-E- 

JuuuoJI jjOJ>I 

O3JL0JI <*jLaJjI£JI 

8 ,8-7,2 

7,6-6.0 

6,2-4,2 

^ÜoS2j\JI CLqJojuO 


. jjlaxxJI J^JL^joJI qjo lOOmé! dJLuj^ijujYII ^nj o> ô^Lo Ojj^S — 3 

ôjLîAJ osu lloD c l>iajüJI ô_x_ûi ,Jjî> . C500 ^j^joLl^-qJ I ^jjo u&j3 <jJLuj^fx_juü.. yjÆL&s* o1j£ < nng v—<> ^üüûljujI 4 

S* clJLc ^jOLc gjLJI 

M(0)=16g/mol, M(C)=12 / 0g/mol, M(H)=lg/mol : qJ^oJI J^IJI oLk** 

6 ÿj>oJ 

yjC .Lui ^-jJLuO ^OoulL>' ) Quuol J-julO QjO IT1 oJüS V^jUJü 

25°C Julc jlosuzM cloJI ^ CH 3 NH 2 (s) cu^ 
V=500m£ qjsx> Sb J^Jbfcjo ^jOLc J^^JU 

. Cb ô >^>^3 

V B =50,0m£ lgjo^> cuulC Sb J^JbsjoJI ,jjo jl>L 
dLjJUj^KJI Sa J^JbïuO cJcLjuüI^J Lû^jjLs ^3 

[H 3 0 + ] a =l > 0.10 _ 1 mol/^ usJ^I 

. côLoJ JS pH Jl jjjuLs clIcljuüI 3J dJJi>3 
^^sjL^iiJuoJI -Ll> <JjO oLæ£*loJ\ guUJI <jSuoJ 
: ^Ul pH = f (V A ) 

ôjlcIs Quuol Jjuuo ol ^jvJLc Jju sSjJI Lo_1 

. ôjjlaxJI JxLâJ ^LjouiJI v_ jjS\ _ 2 

J_clâj cLoJI fLo ^uuol Jjuuo JxlàJ ol ^_5 \J| jj^jûju 

. E 39 ISJI clLüj v_Sv^juIjc>| 1 — 3 v_sJS 
cuxj.9 joj Cb jjSjjJI 4a^9 çüjüLjuüI 2_3 

. m 

. v_sOS J^Lûj cloJI Çjq 0^°! J^ 0 ol Sb J 3JbtxJI pH QjzuS à]cuuj\$j _ 4 
. V A =10m£ c^LzjI julc ôjjI^xxJI JxlàJ x max <_sx-£i9\JI 1 — 5 

[CH 3 NH 2 ] 

ôâü <>c /xj VA=10,0m£/x^JI os Loi julc p-=p- ^/jS^jJI cujuuü ÿx pH cux*9 cJ\Jju jjlc 2 _ 5 

■ < h nh: c 

.Xf ^L0 ul 9 (^LiuuOdJ I3 Xf cJ\)_Xj c UlJUüLÂ.J < 

. V A =10,0m£/ x^j*JU cLljuuuJIj ôjjlaxxJI J^:làJ Xf v_svjlp-JI />Jl£îJI cLljuuü v^^I 3 _ 5 
S* ,jyLuuJI JI^juJI vl^* Lpjuou^ ^3313 J . ôjjI^jcxJI J^cLâjJ üjl3jJI Ajub vljuuoI 4 — 5 

. 39 ISLJI JulC JcJ^sjoJI v_sv9 ô_)c>l3ijoJI <^LuOuSJI l^jYlI v_sx^ lo 1 _ 6 

[CILNHJ 

. 39 KJI JlL£i=--- 2 -^~ iL^uuJI <_2 _ 6 

[CHjNHj ] e ' 

^jLuuJI JI^juJI <-j \COfcjûuJI 39I3J 

25°C julc : v_sJû5l ) 

pK A (CH 3 NH; /CH 3 NH 2 ) = 10,7,pK e = 14 M (H) = lg /mol,M (N) =14g /mol,M (C) =12g /mol 
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CLuLuOykS ciCycaoJ vJnjUÜjJI j$]oüJ\ 

JfLsjJI >aSjü _ I 

■ LæLhjJI ^il> mai — 1 

ëuJUI ^LuOuiSJI cJ^lajoJU CUC jjSÙ v^LuCXj^ &£G*ü T 6j\jJ> às>j± AjlC ^LuOu5 CLC^jOJ^jO jjÜSÙ 

aA(aq) + bB(aq) <=^ cC(aq) + dD(aq) 

: cuJUI ciS\lsdb JxlâJI cJ^Isjcv Û 3 JÜJ 0 JI JxlâJI £jb> ^aSL; 

0 [cr-[^f 

r [^.[4 

. mo/ / £ v [*]**. ^Jl <J»C 

. JxlâJI >h^ 2 j v_s^ 3 ^-JLzJI ^^LjcxaSJI £.I_ 9 jJI J>Jü \J ! ciib^^JLo 

v_SNjJ-JI ClüIsixjO JJL& CUXaS Q r JxLûJI _L>b v_S^LuOu^ Ûjl$J V_sv 3 CLC^jO^SjoJI ü$Su IoJulC 

K OJI 3 JI CLÛÜ É JaJbïJU 

[ci; [c], ' 


eq 


K-Q = 

" [ 4 ; .[*],/ 

■ ÙilojJI JUC , LcUjJI r^ib- OjOuJÈ - 2 

1 L^ÂjjjJflü yjJjJXt 

oU^j^ I ( aq ) j3^3j<JI ob3jl3 I 2 (aq) ^3jJI usObu l3 v ^-c V Qj&x> v_s^jLo J3JL2ÏJO LjjJ 

. S 4 0 ^ ( üq ) ob3jJ v_sv-cbj ob3jl3 S 2 0 2 (aq) 

: St 5\J^ Ls2jO v_S^jbuOuL^ JxLâJ IjÜjO CLC3j0^üjoJI ÔJlû* 03^ ül 

1 2 (aq) + 2 S 2 Ol~(aq) <=t 2 1 ~ (aq) + S 4 0 ^~ (aq) 

; CLC3 j0^üjoJI ÔJL& V_S^ Ô^3 ^>3 joJI qjloaUl CLuJüJI 



— 0, 30mol / i 

0 

[/ 2 ] o = 0,20 mol / i 

|>M 

= 0, OlOmol / i 

0 

[y - J = 0,50mo/ / £ 


v^LjOui^JI JxlâJI cthl&joJb Û3JÜJ0JI J^LâJI £jL> jju)S zj Jacl _ 1 

: JxLâjJI £jb> <^Su t v-ôj^saJI ^ljuuo 

e _MM 

' [/ 2 j[s 2 or] 2 

<*JuOai> v_jljuüL>I _ 2 
: «uîjlJI qJbJI ^ * 


G r = 


_ [ r ]o 2 [ 5 4°r] o _ (0,5) 2 0,02 _ 

[7 2 ] o [5 2 Or];"o,2.(0,3) 

[/ 2 ] = 0 ,l 5 mol/£ iijupr t cUd^JUI jù 


= 0,28 


JulC 
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: _ ôjljuuSI JxLftj jjjtsy tSjJl3 JxLàJI IjLpJ />jlslJI (.svà^JI J3jcJI 


LuOmSJ 1 

I 2 (aq ) + 2S 2 0 3 2 (ag) ^ 2/ (ag) + S 4 Og (ag) 

ajuji 

yOAüJI 

cuJLslôJI ^l*J3 j °JI jj^ljjJI 

4jIju 

JclÂJI 

0 

0,20 

0,30 

0,50 

0,02 

JcUJI 

X 

V 

0,20- — 
y 

9 T 

0,30- 

y 

9 T 

0,50 + — 

y 

0,02 + - 
y 


: ^svja [/ 2 ] j =0,15 mol ! I t cü=l»JUI ju^ J_cLôjJI çjh> ëiouS 


Qr,,= 


V 


2 r 

0,50 + — 
Vy 


0,02 + - 

Vy 


0 , 20 - 


y 


2x 

0,30- — 

v V. 


f/ 2 l =0,20-—= 0,15mc>//^ => —= 0, 05mol LjjJ ■ t cÜiuüJI jù£ 
L 2it V V 

Q r t = 4,2 

QjJluOy^ CLC^JOCfeO J$hj — II 

i JuJuü : L^jJflü . j uoJ 

sloJI ^3HC00H(aq)/HC00~(aq) 9 CH 3 COOH(aq) / CH 3 COO~ (aq) üL^p>oJI Jclàü 

: qJUI clJLo^JI AJ:>laoJI v_jljulU> 
CH 3 COO~ (aq) + HCOOH(aq) CH 3 COOH(aq) + HCOO (aq) 

K m (HCOOH / HCOO" ) = 1,6.10" 4 
H A2 (CH 3 COOH / CH 3 COO~) = 1,6.10" 5 

K — —— 10 25 °C JülC Ôaj LuOykSJ ! ^iJ^LsijoJI l_L£j Ojl^jJI ^UiuLi ^LOul 9 

^A2 

ijÂxy^ J^Jbüjo3 /)3 j^ 3-^JI ol^jüül J3JL2ÏJ03 dij3ilij\JI ijnxys> J3JL2ÏJO C 3 B 3 A <^33^ v1»\Jj v_s ^3 £>oJ 
/> 3 >j*JI ^jljuuo dJUi >3 C = 1,0.10 l mol /1 <^juulqJ L^J /> 3 j^ 3 ,zJI O^Üuuo J 3 Jbtx )3 dJ^jUujoJI 


! v»s0LJI J3JqJI ^JuuuoJI 


c 

B 

A 

oJUI 


1,0 

5,0 

10,0 

Vi(m£) 

J 3 Jbijo 
dJj 3 J LLuoJ ! 

1,0 

10,0 

10.0 

V 2 (m£) 

O^LiuuO J 3 L>jO 
/> 3 -» ^ 3 -^xl 1 

10,0 

20,0 

10,0 

V 3 (mi) 

u ^ xx > j > J 3 JL 2 ÏJO 
dJj 3 jlju\JI 

1,0 

1,0 

10,0 

V 4 (mi) 

ol 3 iLu\J Ü 3 Jb*jo 
/> 3 j^ 3 j£lII 

3,8 

3,7 

4,2 

JulC JaJbdl pH 

ÜJI 3 JI 


1 

2 

1 

[hCOO“] 


[HCOOH], 
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0,1 

0,05 

1 

\chjcoo~~ 

L J J i 


[ch 3 cooh\ 

10 

40 

1 

Qr,i 


1 

0,8 

2,5 

\hcoo-~ 

L Jeq 


[hcooh] 

0,1 

0,08 

0,25 

r CH,COO~~ 

L -le? 


[C// 3 COO//]^ 

10 

10 

10 

0 

-*^r,eq 



i jIoJüüujI 


\hcoo~\ \ch 3 coo] 

. Qr j /0u3 ^üîJuLjuu 1 9 7 T - 9 7 7 “ i^Jjou3 ^LuJuJI v_S^ v-_a_juül> , I _ 1 

' ^ 3 [ HC00H \ 3 [ch 3 cooh\ 

V = V x + V 2 + V 3 + V 4 : 3-oi clc^jcx^jo J.5J c^joJ b JoJbJ I px> o I c-jjsù 
\ clc^jo^sjo \^3 àuj LjOolSJI e.l_9j\JJ ^su JuJI jjSjjJl LujJ 

[HCOOH], tCOO~\=^- 


[ch 3 cooh\ = ^-,\ch 3 coo~\ = 


y 


ÇV 4 

y 


[hcoct] [ch 3 coo~] 

[tfCOO//] 


[f/COO-] | y 2 [Œ 3 COO-] | y 4 

[tfcoo#]. y, ’ [ch 3 cooh] y 3 

! Qr,j ^j 0 ul 9 ^üuuLjuüu 

[ch,cooh\\hcoq-\ ^ K 
\ch 3 coo~~\ [hcooh], _ y 4 ’ y, 

J 3 I jitu\ ! guLuJI 

t OjlcjjJI JlLC é _ 2 


a, = 


P H = pK Al +\og 


[CH 3 COOH] 

V_jljulL>I . «A 3 [H 3 0 + ] 

ot LujJ HCOOH/HCOO~ ^>oJU 
ÏHCOO~] ] ÏHCOO ] 

L Je <7 . L Je 


[HCOOH] [HCOOH] 


. lQPH~pK Al 


pH = pK A2 + log 


[CT^OO-l, 

[CH 3 COOH] eq 


[CH,COO-\ t 

[CH 3 COOH] q 


— \Q pH ~ pKa2 


. clJL^jJI cJbJI v_sv3 cLoulS _ 3 
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Qrj = 


[CH 3 COOH] .[HCOO~~\ K 


eq_ _ ^Al 


10 


[( CH 3 COO~ ] [HCOOH] eq K 

T AC^jOJïjoJI Cü K Ojl^JI <jjùÜ gû Q r . Aoj3 CÜjLsjO QjO ÿjüùLjuüÜ ùl lîlo — 4 

,_ 5 ^fcJuO (JjO JxLftJI Aj^lsàOJ CÜ 3 _>flxJI K Ojl^JI AijO gX> <2 r . JxlftJI CÜjlfijO (j5uoJ 

. JaJL> jJS i_s^9 ciC^xxqeoJU i_sJlttJLJI jglo Jl 

: Q r i - l< K : A u*»bül ^ 


Jul 


\hcoo-] . . \hcoo~ 1 r^coo -1 
- J=-J- Ol LSI --i '• 


JljJJ 


[HCOOH] 


J^LâJls v_5\JLJ1j3 


[ch 3 coo~~\ 
[ch 3 cooh] 


c Lfc_JUÜLiJ ! Liuij V-Sl 


[HCOOH] [HCOOH], 

[CHfO'Ch [ CW 3 C00 ~], 


L«jJ 


dUiS LjjJ 


[Cff 3 C00tf] [C// 3 C00//]. 

. dL^jlijVI ol^ÜyjoJI oljÿjl L _j\^ejuO v_sv 3 ÔJAJ 

AblaoJU j_<JüLjoJI l _sotiuoJI v_s\S Oj^Jaj A v_s\S Ac^xotoJI ül tSÏ 

0 • =40>K B Uüu bül ^ 


\hcoo~] 

■ ■■■; _!=_=L 

[HCOOH] 


cL^juuuJI ül cS\ 


\_HCOO~~\ e ^ \HCOO~\ 
[HCOOH\ < [HCOOH] 


ül J3_)L^JI LüjJ 


JcIàJIs v_sJLJIj3 


\CH 3 COO] b CH3COO- [C//3C00] 

Jr---4 cU^uüJI Jul>ïJ ^14-^ 

[Ctf 3 COOtf 


dJiS LdjJ 


[CH 3 COOH\ q [CH 3 COOH\ 

^JNJ^juoJI k_s3 B CLC 3 j 0 ^ïuoJI ol v_sl O^UjVI ' 0 U 3 JI 3 db^ljujoJI Oo£ü ,_SvJ 2 Oj 0 i^9 

. cluLcxAJI cJ^laoJU ^jJjLuoJI 

Q r =10 = K Cv^übJI cS\S 


[CHfOÇrl [CHfiOO-\ ^ [HC<xr\ [hcoqt\ . 


ül J3 _)l^JI 


LjjJ 


[ CH 3 COOH ] [ CH 3 COOH l [HCOOH ] [HCOOH ]. 

. j3IoaÏ \J cLC^jcxj^joJI ùl lSI <^Ljo^ 5 JI \J cJb%JI ôJlû* v_S ^9 

: c U3lb> 

ùjl^JI OjJÜ pj J35J J^IaJI Jæ*u sSJJI joJI ,333 cluLoa£ j^Joüü 

Ç OjJLüOü^ Af^JOCfUoJ S 50 ÜÜJI 13OOÜ0JI JuJL^J ^J^üOJ VÀ 4 
. K ùjl^jJI cüjü gjo QjjIaj$ ÔjJjüJI <UbJI JxLâJI uuucü 

: ol)L> vJMJ LjjJ Ù3& 

a, < ^ bi _ 

■ juûüLuoJI jji£ iJs^àjoJI l $\3 LuÜÜj ciCjjoûuoJI ^ghü; 2 , / ^ ^ ùl£ bj . 
( jÿJou JLâ jjuuJ ) ûjI^j l$v 3 a^sjQJttxxJI <2 r i = ^ ûlS bj _ 
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LüCXaS ^ICgjQC^joJ uSVjUUI jg h JI 

£ 

cLbuuüül 

1 l^ÀjuJsu yjJjJXt 

oU^j^ I (aq) ob^j^ I 2 (aq) ^ 3 jJI v_svjLâj ^sOLc V <\jyx> v_svjLo J^Jbïuo LjjJ 

. S 4 0^ ( aq ) ob^jü v_sv-cbj ob^j^ S 2 0 2 ( aq ) 

: St 5\j^ cuJ^Ls^jo v^bjcxj^ J^LâJ IjJLo clc^joj^uoJI ôjlq^ ol <j^uoj 
I 2 ( aq ) + 2 S 2 0 2 ~(aq) <=t 27“(ag) + S 4 Og“(ag) 

! clc^jo^üjoJI ÔJL& v_sv3 ô^3j>3joJI £j3j\L) cuJjüJI jS\jïi\ 


[s 2 or] 

— 0,30 mol /£ 

0 

[/ 2 ] 0 -0,20mol/1 

[■Vf] 

= 0,020 mol / i 

0 

[ÿ~ J = 0,50 mol / 7 


. v^bjou^JI JxlàJI cthl&joJb Û3JÜJ0JI J^lâJI £jL> j+j£ü Jo£:I — 1 

<^JuOulS ^juUL>I _ 2 

qJjJI cJbJI ^sS 1-2 
[/ 2 ] t = 0 ,l 5 mol/£ t AJ^JUI ju^ 2 _ 2 

ggagag loJaü ls c ouo jujuci :2 «-svJuJaJ ■ ijuoJ 

sloJI ^sHCOOH(aq)IHCOO~(aq) 5 CH 3 COOH(aq) / CH 3 COO~ (aq) üL> 3 i>oJI Jclàü 

: AJUI sJLo^JI ALlaoJI 

CH 3 COO~(aq) + HCOOH(aq) CH 3 COOH(aq) + HCOO (aq) 

K A] (HCOOH / HCOO~ ) = 1,6. KT 4 

t^ A2 (ch 3 cooh / ch 3 coo~) = î, 6. io -5 

K = —— = 10 25 °C Juliz ^LxxaSJI cj^b^l Iâ^j cü3 > üjoJI ûj^l cujb cLoui 

^A2 

J3JL2ÏJ03 />3j^ 3-zJI ol^büj J3JL2ÏJ03 dJb3jbu\JI J3JL2ÏJ0 C 3 B 3 A < jju33^ 0\Jj v_sv 3 £>oJ 

/)3^«JI v±JUS3 C = 1 , 0.10 1 Tïiol /1 <^juulqJ L^J /)3jO^ buuo J3JL2ÏJ03 dJb3jbuuoJI 


! v»s0bJI v-S^ ^JuuuoJI 


C 

B 

A 

uJUI 


1,0 

5,0 

10,0 

Vi(m£) 

J 3 Jbijo 

dJj3jbuuoJI 

1,0 

10,0 

10.0 

V 2 (m£) 

O^Lîüjo Ü 3 Jb*jo 
/>$j ^ 3 -^xl 1 

10,0 

20,0 

10,0 

V 3 (mi) 

iyxcy^> J 3 JL 2 ÏJO 
dJj3jbu\JI 

1,0 

1,0 

10,0 

V 4 (m£) 

ol^LüV J^Jb^o 
/> 3 j ^ 3 *£lII 

3,8 

3,7 

4,2 

JulC JaJbJI pH 
OJI3JI 





[ffCOO - ] 

[7709077] 





[" CH 3 COO~ 

L J Jj 

[C77 3 C0077]. 
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Qr.i 





T//cc>c>"’ 

L J e? 


[//coo//] 




Tc^coo"’ 

L Jeq 


[CH 3 COOH] q 




Qr,eq 



[ HCOO~~\ [CH,COCf] 

Qr i >0ui9 £üùü*juJ Iq 7 - - Q 7 - - (jjuûuuJuJ I v_SvjÛ 0 ul9 CLuJuJ I bj I 1 — u uuO I 1 

[ffCOOff], [C// 3 COO//] 

y = Vj + V 2 + V 3 + V 4 : <MÎ> CLC^jOTSlO ,JSÜ CIj-juüüJU Jn. 1 i. 7 J I fiX> ül jjJtSjj 

\hcoo ~ 1 rCH 3 COO"l 

[//COOtf]^ [C// 3 COO//]^ ^ ^ 

(jXLuuJüJI s^uua»! . KaS [///r] cJ\)ju 

. ÔujlçjJ\ cJbJI <*_5\3 JxUüJI ^J0 sjl9 ^UuuLajuI _ 3 

clc^jOJ^joJI K CLûÜ Q r . ^Uxl9 cüjLûjo <jjo ül <j5uOü l3lo _ 4 

3 vjj>oj 

jjSjij Zn 2+ dbjJI oU^j^ i Al /> 3 jJuuo^J\JI 3 Zn dbjJI <jjo o^SLu ^Luou5 clc^joj^jo jjüsù 
. C' = 2A0~ 3 mol / £ jjSjJo A£ 3+ /> 3 jJuijo 3 J\JI ob 3 -»t 3 C = 0,15 mol /1 

\ cuJ^l^o JljJL>l3 ÔJuuo^l JxLûj CjS^cj ûl o-^OsJ 

2 Al(s) + 3 Zn + (aq) 2 Al 3+ (aq) + 3Zn(s) 

.K = 4.10 93 JxUJI Ij^J 0 JI 3 JI cujb 

. cJ^IsjoJU ^ 3 SI 3 joJI J^làJI jjaai Jox:l _ 1 
sAj\$^> JJLc LuUJb clc 3 joj^joJI _ 2 

C’ = l,0mol/1 3 C -2AD~ % molll cJL> ^ JI^juJI <jjaÀj - 3 

4 vJjjjoj 

! c*y oj ciJLz^oJI < qJLJI ^LuL ucxj^JI ô^3joj^joJI 

Cj =0,15 mol 11 ùjj$jjHCOO~{aq) oLoj 3 àJI ob 3 jl ^jJLc lS 3 ^%j J 3 JbtJ 0 <>o V, = 15,0m^ _ 
C 2 = 0, 20mol / ^ ôjjiSjj HN0 2 J 3 >^JI u^oj> J 3 Jb^o ^ V 2 = 15, 0ml _ 


C 3 =0,10 mol 11 ojjSjj HCOOH Ajjzj$à}\ ^xj^> J3 JL*jo ^V 3 =10,0 ml _ 
C 4 = 0, IOttzo/ / 1 7V0 2 Cju^>juJI ob3jl ^jOLc lS 3 jl^j J 3JL2ÏJ0 <jjo V 4 —10, Ot/z^ _ 

: cuJUI ôAcls _ JxlâJI cJ^Ls^jo jjüsù 

HCOO~ ( aq ) + HN0 2 (aq) <=> HCOOH (aq) + A/^0 2 

. j 3loJ1 culjü JjlS JoJjiiJI ÔJL>l3juoJI CLuJuJI jj£\jjJ\ _ 1 

: QJjosjS ■ J-clàJI J v_sv9>>JI jrH^ü -1^:1 — 2 

cuJjüJI cJbJI 1-2 
[/fCOO - ] = 0,020 mol / £ 5^ LoJ^ cLJÎ 2 _ 2 

clc 3 joj^joJI j 3 -^üj ^soüjuo lSI v_sv3 3_2 
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5 vj jjjxj 

JjO^-juUU Jl CxJ*J Loi i pH Jl JojuzJ ^LuLuUUoJI v_S^9 JjjJUj^lSJI ^^LO^ JjO^-juUU 

. jjJÔLxS 

t ^L^^boJI (^Q juuoJI *QJ LJljJ L 05 J 3 I c Üoju^> ^OÛUj) U jlJI -< ï1j0 c ÜcLjuuI^J ^UljuUüoJI cL /0 P H Qj3\jJQ j IjjOÛLajU U ^OuU 

.(7,2 —7,6) ôI^jLjujuo v_s^ 3 pH ^^vJLu 

. QulsJI vLp-JI i_5^i c ^jOvs^I ôJl& 1 pH — 8,5 c Lo-*-ûJI jjjuc^joJI ^jjüIs pH Jl cLiSI^jo J\L>*_ 1 


. HC £0 / CW c(j>^^jjoJU clljuuuJL qjou^joJI £,3jJI ^UbJI ôjlû* v_sv9 ch-^ 

\cto~ \ 

. clJIjjoJI ô_Ld> clIû^J-- -è- gjbJI '^_jljujj>'I _ 2 

[HCW], 

cJ^U^jo . £uljuuuoJI cio ^s3 slbj Jüj^ISJI 0,10/710/ £x-b /xj cü^UJI 3Jü0uJ pH £,L>jV — 3 

: St svj^ J^bJI JxLâJI 

CiO~(aq) + // 3 0 + (aq) HClO(aq ) + // 2 0 (^) 

. JxLâJI Ijl^j cU3^_ajcxJI Ojl^JI cLûb 
! clc^jo^oJU clJjuJI cJbdl _ 4 

(V =1,0.10 5 ^ ^UljuUUoJI cio JZX> _ 
H 3 0 + oU^jI qjo 0 ,10mol ^jOLc ^uljuuuoJI cio _ 

\ctor 1 

_ 2 _ JIojuJI <_sv9 cüLuuo joj lS jJI Q^t- - r^jbJ I _ 

[HCiO\ 

cuJjuJI cJbJI v_sv9 J^LâJI £jb> v^^l 1 — 4 
. v_sJLaJLJI jLs^jO ^_9-hlLiû CLC^jOJ^joJI j3-Lü ^JVJ^JUO ^_)L> 2 _ 4 

. ^uljuüjoJI do pH ol qju 3_4 
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OJüxC I «jvS CLüÜÜjJI 

oÜ 3 >AiJMJ vJnjUlLJI JUjjJI _ I 

■ ëlhJLiajo PjuLüOsaS £I 3 JÎ jjü OÜ 3 >iJMJ lSsjIâUI vJlfijuDI — 1 

: Qjjüjzcdi cuujIjjJI _ 

: <jjuIS V_sv3 £>X)J 

C = l,0mol / £ v-sJ^xJI ôjjiSjJ II jjjuL^jJI oLûjjlSJ v_sJLo J^JL^jo <jjo V = 20tti£ _ 
C ' = 1, Ornol / £ v-sJ^joJI ôjjiSjJ II JbjJI oLü >! lU v_sJLo J^Jbïuo qjo V ' = 20tti£ _ 

Jb/JI ,jjo ^jjubdJI qjo ixJbJI ^s3 ^xxssj 

T Jô^\b Islo _ 1 

. J^JbïuoJU Jl O 3 JU v_sofcJjJü slâjL>l 3 JbjJI cL?tjLÀ^) ^jvlc <jjubtjJI jl9 g 

S gf^juoJI v_svjlaUI j 3 -büJl ^snjîïuuo ko \b Lo Jj3> _ 2 

< JljJL>l 3 ÔJuuaS\)l Qu«JL> 3 ^jjoJU cLûSl^joJI cJ^I^oJI c^Lajl 

Cu 2+ (aq ) + 2e~ = Cu(aq ) 


Cu 2+ / Cm 


Zm 2+ / Zm Zm(^) — Zn 2+ ( aq ) + 2e“ 


Cu 2 + (aq) + Zn(s) ^ Zn 2 + (aq) + Cu(s) : Jx-LaJI IJl^J ^JL^sJI qJilaoJI 

= 4.10 36 : J_cLâiJI IjLpj 4j3_ > iLoJI ùjl*JI 4jüU Cil 

n,.(Zn 2+ ) 

ri/ ■ 

JxlâjJI culju JulC JxlâjJI £jL> >h^2j 


ùlà^UUs q = ^l = -^- = — = l : 


[Cm 2+ ], n i (Cu 2+ ) CV 


V + V' 

Qr„ < K 

. QjjSzüJl ùj£$j Lo Ijlû^ 3 JbjJI otj3jl Ü3SU3 < jjuL^jJI g*io3J 
T JI/JlP'I _ ôJuuoS\U JclâJI ljufc J\L> ob3jjiSJ\JI JlajLil CjAzzj <jjI _ 3 
Losjo qjLouill gJ3j\)| qju < jjuLoJ vilLü ül lSI <juul£JI ^s 3 ^>3joJI JaJbJI <jjULQj v_s ^3 Jlaju\JI Ijlû> 

. L 5 uOuO ob3jjiSJ\JI JLfljul 

■ oJLiAÂjüo ^jüluoüj^ ^Ijjl \jjj üüj^aSJ^U v^sjUÜjJI JUujJI — 2 

T ôj-juübuo jjjuLoJ v_sx 9 b3Sb ül 03^ JjjL>u03 JuuoS^jo <juu ob3jjîSJ\JI JLajul jb%j| 

■ aJLâÂjüO 4 *j L uDü |5 ^Ijjl \JjJ ÜljJi^l — OJLaaaSI liü ! 2 i£NjüjJfejJI JoLüüüJI 

II l jjubdJI oLûjjlSJ v_sJLo J 3 Jbtx> jJjo V — 20 ni£ iS^jL^ej V_sv 3 l jjub^jJI jJjo QszlaJlæ jjysù 

. C = l, 0 mol / £ v^sJ^joJI ojjSjJ 
J3Jbïuo V — 20 m£ ^jOLc kS^jszj v_$o b < jju 
i C ' = \, 0 rnol / £ II JjjJI oLûjjlSJ v_sJLo 

. JbjJI qjo 

JJLuo ^u_jûjjjJI Ch 0 Jcü_>jûûu Q-J^Jb^joJI Ju^U 

K + (aq) + C£ (aq) 

^jvJLc v t S3jL^j ôjb Quüj-JlâJI ^jUL^jLa jzJI 

/? = 10^1 <^ju03lfijo v_svj 03I JuZ>3J03 jj^j-*juo^lJLo 
. jLjJI /xj c JijjJI jJôjl . jLjJI &blS3 

! j LoJuLjuü I 

ÿX cJ33^uuuoJI ctubj^SJI cIjl^ijujJI o\Lo^> jiJL> _ 1 

S* ôjljJI ÔJlû^ v_sx 9 v_sJbj^SJI jLûJI j3>o 
ôJjJI ôJlû^ v_sx 3 jLûJI j3>o û-^ ^J33^j»j>joJI o\Loj> 
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. I3 v_SVJ03\)l Jo^JI JUjuüI v_S n ^3 JLzJI v_S^3 ob3^ji^\J\JI _ 

. QuJ^JbijoJI ^s3 ôJo^ûoJI ob^j^ll _ 

. jJuO> juuüOuuJjoJ I vJiTyJo QjO jIjuJUoJI jbûJI <- _5\J*liuO _ 2 

.JuJc^JI cu^lÀ^j ^boJI qjo QjJ^JbsjoJI £jb> <jjo ^jou v_s^bj^SJI jbjJI 

. Ôuü[jj$SJ\ <UJ*uÂjJI qJLoJ> V^JLl^jO J[süj\ (^JV^juO ^ÜjuLajuI _ 3 

dJbjJI <JjO lSI v_SVjbj-^SJI jbûJI ^JNj^JuoJ jjjoSLs^^JI ^JVJ^juoJI v_S^3 QjJ^JL^ïjoJI £jb> ob3jji5J\JI JjîjuU 

: v-sJLJl^ QjJ^JbsjoJI v_svS ob^j\JI JjiiJu3 . <jjub%jJI QszjJlæ 
■ v_s^jbj^SJI jbJI ^jvj^Juo <,3^3 Cu 2+ ,Zn 2+ ,K + ob 9 j\JI JjLiLâj 

. jLûJI Is 2 joJI \_s3 cr,so 2 ~ ob^\ji Jsüuj 

S V_sv3 J3JbïuO _ jlS (jdüLouJI L-S^jljuUUO ^jOLc li>Lo _ 4 

àJI qju ujüLoJI i33-a-juüuo 

! v_sJbJI JIjâJI ^svJLc 
jy>ô t dJbjJI lS^juuuo ^jOLc _ 
Zn(s) = Zn 2+ (aq) + 2e~ : cuJUI cJ^lsxJI ^ujj> 
<jdub*JI O^jI JI>A>I CL^AÜ ob3jji5J\JI diipAjuuü jjjubtJI «^S^Üuüuo ^sJLc _ 

Cu 2+ (aq) + 2e~ - Cu(s) : oJLJI cJ^lsixJI 
. Ü3\JI -bLijuJI ks3 clc^joj^joJI j^xj gj0 clc^joj^joJ I ôÂgJ v^laJbJI Ojl9 _ 5 

: cuJUI <=ü^>L szjoJI ^^JLc lSÎ ^9jLuüJI j^JojJI jjuULQj 

Cu 2+ (aq) + Zn(s) —> Q/(s) + Z/i 2+ (ag) 

<jjo ob3^>ji5J\JI JLajul \ls*9 vl»_L> cül 

i^'JU>gAJI jLjJI lSJïào vJÜs>i£J^LLSaÀa ^ ^3 H o^b^l ob$jî ,_sJ| dbjJI jl9 

<juu JojI^II dJLuJb éj-jÛjLuO ^jjüLoj jjlC 

ob3jjiSJ\JI JLajub guoouu lSjJI <jjj»JLôJI 

clû 3 j\JI ôj-bûüJI ^3^ Lo _ 6 
quJL^LqJuoJI JuZiâ cLû 5 j\JI ôj-bûüJI 
^LpJI ûLo^aJ ob^j^l OjSzlçj ^Lo^uuJI gjo 
■ v-sObj^SJI jbJI j$jj 03 J^Jb^joJU v-sOb^ÜI 
^l^jj v_s^b^_SJI jLûJI j 3 >o JAC ! j-^juULâj 

(1) J^JbfcjoJI ^_s3 Zn 2+ ob^j^JI 
: cuJUI cJ^U^xJI ^_£LZ5J 

^^LQjU IoJi*j < Zn(s) = Zn 2+ (aq) + 2e 

v_s\5J (2) U^JbïjoJI v_svS Cw 2+ oU^jÎ 

qj^uujJI ^^jüuuuo ^jOLc ûjI^j JLà 

(2) J^JbsjoJI qjo^O 2 ob^j^JI 

(1) J^Jb^oJI 

: cl^M> _ 3 

ôjl^LO QuÛLj>3^jjC)J <^Lucxa 5JI l^j\JI qju ob3^>jiSjyj v_s^LûJb Jlajul vl»A^sj ûl 

( àuJ^j) ôj-bûüj bxpJuu Loul 9 QjJ^JbïjoJ I J-^533 v_svj bj^S JuZ>£joj QjjjJLâJI huj JAC ) <=lLziàJüo 

s$jxP JlâjùuJl3 — II 

J£j0t£ iJJ^SLî — 1 

! jjjo £ Lo^jo^C £ :>3j<xC 
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M" l+ ^I^aJI ù*ülSJI ^jOLc J^Jbîjo v_svS àj^osio ^jJ3\JI M 2 3 M 1 Qjûujjls [ juJj>u i SL£) _ 


(2) i3 ^sjyi 



M 1 =M; i+ +n { e~ : cJ^U^xJI M? + o 


^_5\Jlc lS31^j J3JL2ÏJO v_sv 9 6 j£xysu> CLÛÜJI3 

. M 2 2+ I ü^übJI 

. Lxx^Juu Icxjl 9 < juJ3l>joJI J-*^ü < ^LaJ^j I 6 j]où 3 __ 

üb3Sb üIjJLII ûl:>3jJiSJ\JI M 2 3 M, v_svjos^juü 

ûlj3ij*uoJI û\J3JbïuoJI V.SVJCXJUJ3 . ^xxsJI v_sv-sbi 9 
U M 2 2+ 3 M" l + oÜ3,jIUI ^sOLc 

J*üb 59J&SL) <jdüb*j _ dJjj .^XXsdl ^JVjOs-juUU 

John Daniell . ^i\ cujuuü 

^ÿjOtâJI Jl&jüüjl — 2 

:>3jo^JI Jlii^jJjl J\Jj> ûLJL>JûuoJI ùLl>3^JjoJI 
3 M x ôus^ M 2 2+ IM 2 3 m; i+ /M, : Lcx^ 
. Jjjl^joJI ^3^ ûLsiL M 2 

Ij3jÎ JljuülSLu ^jJLuuJI ^jJoüJLI 0 ^uy]\M^ _ 


. cU^jbJI ôjljJI ^jJJ ob3^>jiSJ\JI £uuoJ v_S^jJI v_S^ ÔJuuo5\JI ÔJlû* 

£ M 2 ^jl> 3 joJI i^hüJU C^SbxJI jJL&JI cu 3 jjo^C lSjJI J3Jb*joJI ^s 3 M 2 2+ Û 3 jj 15 JI _ 



: cuJUI cj^l^l 

M 2 2+ + ft 2 e _ = M 2 

<jjo JI>ü>\)I IJl^J cLoj\JJI ob3^iSÜ\JI CjuS> 
^3jcxsJI JLâji-juul J\b> cül lSI ct,j>jb^J| ôjIjJI 

CuJ^Ls^X) gjuoJu JljjiJ>l3 ûJL juJlSI J^cLûJ CjAJZJ 
! v»sJbJI JSLjllJI ^jvJLc cl^Ljo^I 
n 2 M 1 + n x M 2 2+ —» n l M 2 + n 2 M x l+ 

: cUUI q^\Lla J z>l cuLuJb ^ 3 jo^lII I_)lû> JjuOsj 

O M l (s) | M; i+ (aq) ': ! M n 2 2+ (aq) \M 2 (s) © 

C^slc. vJjL^Ü iSjJI V-JLuüJI ^jOuuUU 

fi M, jJLÂJI OJUuai ol^Jùuuuo 

ijsJLc. Ojl^u vSJJI va^t^joJI :> 3 >aJJ\JI ^ouuuu 
ISJI fi M 2 2+ dl^JuuüUD 


. ^xxsdl cj ,j^sl3joJI Ü3JJISJI3 jJLâJI ^^OLc kS^Jjzj v-suJI ôj3^iÜjoJI ^jvjxjujü 

^£jOX. OljjüOüO — 3 

! cuJUI oljjuouoJb JJ3-0 ^3jcxsdl jjjyJj 

(N) <*_jJLuj ^_jJo 93 (P) ^_jl>3jo ^jJo 9 ^jOLc >^3jU sSÎ £ ^jJo 9 v_s^Jbu _ 

-LÜ3_ôJ L# L^jlc j+szj .3 E 033 _ 

r qJL>b qjo3lûjo _ 
U PN - E -ri ^3jo^JI ^s^üjJQ û-*j >03! Û3jls ^sbu 

QjO Q^uOsJ uSUbJI v_SV^><uJI JoLuJuJI ) jjuojjuuol qJûLJuüI3J v_S^Jbj^SJI jbûJI ÔJUuJ3 ^3 jCXsJI QuuJgS * 

( I :>3jCXSlI i v- 5^5 jLoJI v_S^Jb^)-^SJI jbjJI ÔJuuJ ^jjübS 

: jJjzh}$3 CÜQ-JUÜI3J o£y>LOjÿSJ\ Ô3ÜJI3 ^3xxaJI cuJcaS * 
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o|s /=0 ol Uw U = E-rl t v_svj!j>£^ jLü v_sl cu9 jjoj \J IoJulC v_sJcu>o <jjj jj£î)\ <jjuuJâj 

. ^jo^JI àuu^S JüJc*j <jjo <j5uoj ujuIüjoJI jJ>JI ôjLjuJ U — E 

£Jl> CLljuuJI jJôjl ) CUjjjOuO J\b> QJO ^xxsd cuJb>ljJI CL03LQJ0JI3 E ClSjJ^JO^SÜI Ô3JÜI JuJü^j AijS û^JOJ' * 

( v-UjJ-julJUO ^ 03 ^-^ 

. S$JXSÜ *J$Sj 0 ox^joajoJ UvJUUI j^JsüJI _ III 

! v_S^JLjJI JiLjjJI ^_5 vJLc ^jûlSu 2>3-Ov^JI JLsjüuüI cJ^Isjo ol (2) v_sy^><fcjJI JoLjujuJI v_s\S Ju^3jJI ^/oj JlûJ 


Cu 2+ (aq ) + Z?z(s) -0 Cw(s) + Zn z+ (aq ) 


2 +/ 


a., 


Tl = 4,0.10 36 ! v_sv^ JxLâjJI l_Lpj cü3^ÜjoJI Ojl3jJI cLulï cLou3 

[Zn 2+ (^)1. c . 

; = F----r =- = 1 : CL 

[Cu 2+ (aq)j 


C 


cLuJuJI cJbJI v_sv 3 JxlâJI 


Ag 


Q r i < K ol Lcv 

. Q ri -K cLujj> üj^l cJL> J^zu ul ^sJl JxLâJI Iàü j 3 Jo!j 3 cuJU^SJI 

^LljuULjJU ^ 3 -jOuUUO ^jvlc jJ^ulSuOuoJI ^jJLcLqJI ^nJ^juO ÔSjSLO QjO I j 3JojJI ^5uOJ 

! L^j Lucx9 v_soJ! clajüjIjJU 
Cw 2+ + 2^ _ = Cw : Cu 2+ / Cw ^ 3 xxsdl Olzü V_sv3 
Zn = Z^ 2+ + 2e : Z^ 2+ / Zn 2 >^jcxsüI <*jLzü l_sv9 
jLûJI ^_$nj^juo ol ^Ljuuüuuu CUJ 03 . ^jubdJI ^ 3 jJî 5 JJ 3 ^ j ^ 3 >iSJJ ^jjo 2 > 3 j0 ^ll J-Qjüu sSl 

. ^3xxsdl £jL >3 Jj>b jLjJI 
: cL^\b> 

^bjj Q r JxLâJI £jL >3 t X />JlüJI ) . OJI 3 JI cJL> v_svS clC 3 xx<üjo t JÜ£OJu\JI cLuI ^xx^JI O 3 SL; 

( 7*0 3 dJJ_x^ 
v_svjlaJUI j 3 _LüJI jLao ^jljuuo clc 3 joz^joJI j 3 _büJ 

$ X — X e q ) v_S^j I jLûJI JuJcp 3 I jjjüjJ V-Sl ill^OuUUO 5QX>SL Cf^^J I^_aJI JulC 

( 7 = 0 oî S s\Q req = K 

: sS^ùjuJoü jjjjjoJ 

: Quûi^r J-juoooJ I ^3xx5dl jszJj 

v_sJ 3 joJI ùjjSjj$ V = 50,0 ml clzlôJI J 3 JL*jo 
II jujl^JI j 3 j 3 K J 3 Jbüjo \ C — 0,20 mol / £ 

. C' = 0 9 l0mol/e s^oJI ô ^3 V = 50,0m^ 

oljjuJ v_SvjLo QjO CLpJjoJI CLÛ 3 j\JI ô^-LûüJI 

i^sJJ jjuoJoJ3àJI jjljujO' 1 K + {aq) + N0 3 {aq) />3j;-juub3jJI 

. ^-jJLjuü jJ$J 

. ^ 3 jo^JI Ijl^J cuj>\U a^^l cüLuüJI JclcI — 1 
^ 3 _Ljujuo ^jOLc ûLiJCfcj ^jjjJI oJLcbüJI ^_svjJ^ls 2 jO v^jûi^l _ 2 

. oj^\JVI 

cUjUj-^SJI oJjoo uilo^o JLiLuI _ 3 

clü 3 j\JI ô^JajLÎiJI ^ 3 ^ 3 ^ Lo _ 4 


com 


0 - 


V 


<üp\ üjJojlS 


Ag (aq) + Cl (aq) Fe 2 (aq) + 2 CI (aq) 


Fe 


5 
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■ J <Luos5LJ1 cUajIjJÜI . IV 

■ ï$jxC- \3jio <jjo lâjjjjoJ ijiuouoJI ^SgdAftJI çbj$£J\ eu />S — 1 

: uiuj&j 

ciaJLbjoJI cuxjüJI t jJ^jo JI^laJjI J\b> clL>jüxxJI t Q max ^-S^q-qJI sb^^SJI ctuo^ s^Luuü 

. qJLoiJuoJI ob 3 ^JiSjyj cui5Jl 

ô m ax = »(c").^ A .|-e| = n(e~).F 

IF = iV A .|—ûl lSI F v sSôl^âJb ob 3 jJiSJ\JI ^JO Aj>\$ J 3 JO cu^ijjJ <baJLbuJI ^jOujUI iJSjsl) 

F = 6,02.10 23 x 1.6.10“ 19 = 9,65.10 \CmoF x 
v_svjb jÿS jVü c \jS jjoj J-z) 3 joJ S gJoüjoJI <jjo jjdj A t cLuuo^JI ÔJuoJI J\b> Qj\ /xJbzj ! ^5iü ) 

! S gJoÜjoJ I jbiJ-fcJ v»5^jJI ^jb^uûüJI p QjQJ^uO . é? v_S\JÎ> 03_>*5ü| . 03_>*5ü| N é jjOuLjuüUO 

A^max cUJuojJI ôJuoJI J\b> S gJaüjoJI jLj*j ^Jl Qj^^xslH cbj^AJI ctuOsS <3^ t N.(~e) 

ômax = |N.(-e)| = N.e : sJUI «i\UJU 
: o^Sjluj <übJI ôjLûi i_sx9 cUj^SJI cuaS 0 I 9 A? max J\l> ù 3 _>ïSJ| J^x» n(e ) oJüLuI lij 

( <2 max =n(é~).N A .\-e\ = n(e~).F : v_snjî> cisUsdl o^l^uoS vjnJUI^ n(e~)--^—=>N-n(e~).N. 

N a 

ômax = -^«A^max £ ^max C b^ u0 >^ ÔJuoJI J\Jj> ^^JCXSÜI ( X^üÛJ uSjJI v_Svjbj-^5JI jlûJI ÔJUuJ JjSÜ ^julXJ>^ 

Ï$JXSÜ\ QAjjJ AijS Q max ^svjOouuü 

■ gj>8j cüb> — 2 

vAJLgJüuuü o\JbJI <^jJLcl V_sv3 3 I ô_)L>l 3 cis9ô q3ÜaJI ô_)lû> vAlgJUuuü ûl <j5uoj cuJbj^SJI cUâlkJJ ûlj> 03 ^ 0 ^!! 
UJI 3 JI CÜL> ^jJ| ol Ü 3 Ô t At CLuuoj ÔJuo J\L> ôJjJI j+£- cLubj^S cUj%_jJj ô 3 jo^JI jj£>j IoJul£ lujj> 
Af ÔJuoJI J\b> ôjjjouoJI sbj^SJI cLuo^ yj£. cJbJI ÔJoî) v_s^ >!^3 x < Xj- />JlqJu vl»Ju^j J^9bJI ül uSl 

Q = /.A^ = n{e~).F : cis\Jbdb 

. cü^juuoJI coloJI oLüo^ — 3 

S" Lû^j^jcxj v_s^JI cb^SJI cLuo ^3 ô 3 jo^JI v_svS cbb>JûuoJI ^I 3 j\U ôôLoJI oLxxS iajj 

: CUJUI ^jpy\bla J Z5\J| CüLjjJI 30 Ô 3 XXSÜI bujJ 

: cJôU^joJU j-JuubuoJI ^SOïiiuoJI V_S^ CL^ 3 jOJ^uoJI 

2Ag + (a<7) + Cw( k s i ) Ag(^) + Cw 2+ (a<7) 
I - 86,0 mA cujuJj Ijbü < A t = 1,5 min ôjuoJI J\b> 03^1 JJ 3 J 

. ôjuoJI ÔJLÛi J\J> cbL>JûoJI cb^SJI CUjOsS U_j^juUL>I _ 1 
. Ip^uULQj ÔJuoJI J\b> CLuCLôJI 063 -»! ôôlo CLuOsS JJSSJ 3 II <jjubfcjJI 063 -»! CLuO^ U_j»juUL>I _ 2 

. cUoôJI ô3^Ji5J| ^Le ^-bü-juu v_sv-jJI CLziôJI cdb5 ^xâj gOJJLjuul _ 3 
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Qjü L üCXa S vJS jmUJjÜ I J cp cJI 

cüJUjjwfèJI cu^üjJI ^o^JLaJU 

^UjuuülaJI ü^5^JI — I 

( jjfSxj ) ÔjuIâJLJI ü^ljxJI _ 1 

lSI L^jLLlcJ 03^ LuLaJb ^Luo^JI clC3joj^oJI j3-küj LoJulC ^Lucxj^ cL£3joj*joJ v_^lûJLJI J3^*JI CjA^j 
cbJjüJI cJbJI qjo LîlüJti j3JoÜ 3 ÛJI3JI cJb> julC v_sv 9 clC3jo^joJI 03^; lSI . v_sv^>jbdl Jclc*xxJI <jjo ci 9 lb 

. Q r — K q 9 \Lsdb QuS: jjsi j$ Oj^l cJL> 3^ 

! üSÀfJflU JluO 

3 II uuubdJI oU3jI QJlC Qjuu OjuL> Cu(s ) ujul^JI jlS$ Br 2 (aq) />3>JI v-Svjbui J3JL2ÏJO <juu J^clâj jjüSÙ 

: cuJUI cü^UiJoJI Br~(aq) />3>JI ot^jl 

Cu(s) + Br 2 (aq) —> Cu 2+ (aq) + 2Br~ (aq) 

K = 1,25.10 25 : JcUJI lÀ^J üjl^JI 
S* gûüûLAjyj Iblo . CLu JuJI cJbJI ^s3 J-cLôjJI ç* j L> v_a_ajul> , I _ 1 

Cu 1+ \\Br~ 

[k\ 

3 Z?r {aq) ûç£j ^jvj^uuo t j^jubuoJI i^soouoJI ^s 3 clc3joj^joJL9 v-sJLJ^ Q ri < K ol lSÎ 

. Cu 2+ (aq ) 

$Cü 2+ (aq) II <jjub*jJI oli3jl ^jvlc kS^Jszj 3p-9 II <jjuboJI $jjJ lulo \J3Jbfcj0 b^xicl Lo cJb> v_sv 3 — 2 

: c^^joJI JxLâJI cJ^U^jo 03^ Br (aq) ob3jl 



— = 0 : 3_oi clJjuJI cJbJI Julc JxLâJI £jb> 


Cu 2+ (aq) + 2Br (aq) ^ Cu(s) + Br 2 (aq) 

^ÛÜÛLajU U Iblo . cJbJI ô JlûÜ v_5\9 K Ojl3xJI CLûb ^jljuUL^I 

ol wsî jslzx)\ Lujüj LS3LUÜJ3 Ijl> ùjjlSjZ) Ojl3jJI cüub oî lsI K ' = — = 8,3.10 26 — 0 <^5^ ojl3jJI cloü 

K 

. bJlüJb j&ùj \J Ipjls v_sJbJb3 . Ojl3J cJL> v_svS Jc>3j clc3joj^joJI 

. CU>JUUÜÜI O Jcp&JI — 2 

Iû3j3_bü ^SVJfcJuoJ jjjlàSIæjoJI ^jOfcJuoJI ^s 3 j3_büJI ^sJLc <bubjOui^ CLC3jOJ?ïjO ^juULQJ 3I ol OuS 

T usOlûJbJI 

■ b_^_SJi JJb^JI . I cOuüljjJI _ I 

qjo b3Suo \J3Jbfcj0 ^jvJLc LS3jOtJ U Jijuü ^jvJLc V.9-bl O^ 0 035buoJl3 c Lul> JjuOuoJI ^-^><^1 

/>3 H uub3JI j3jo3>j J3i^jo ^>o 20 m£$ lOmmol / £ ojuSjj Br 2 (aq) />3>JI ^sObu J3Jb^o ^>o 10 ml 
v£-b^l v_s^>9 v_sv9 jjcxâj .1,0 mol I £ ùjjSjj jjuul^jJI cj\jjjjS J3JL>jo qjo 20 tyi£ 3 1,0 mol I £ ùjjSjj 

JJ3J0 v_svlLüj Qj^jJiSJ^JI JuZij . ( jjjuboJI ) ^jüboJI <jjo v_svjLiJI3 CjlaSI^sJI qjo J 3 \JI t ol^^jiSÜJ 

LbujjjO _Ü3X)JU «^-jJLajüJI V. a.Io.Q.JI O3SU CjuC^J JJUO ja-ool gjo v»_S^J I3-OII 1,5 V _^j0ÛOjULoJ I jJQjJJ 

. Cjuk 9 l^>^JI ^3jjiSJb Jcuj^jo COm icujxyil^ jjjuLîoJI ^3jjiSJb 
. JJ3J0JI Q^àjÀJ sSjJI v-SVjbj^SJI jbjJI ^JNJ^UUO _ 1 
■ CjuS\jài\ ^3^JiSÜJ 3^ ^HübdJI ^3>^b| O^ J- 1 ^ Ijbb -03^°^! kj&j&j. 

Ôuü\jjÿSJ\ obOfc-AjüJI qJlOO i^SïlLO gûuuOjül _ 2 
v_SVjb^SJI jbjJI ^SOïiJuoJ i jjaSL s2joJ I ^JnJ^ijuoJI ,393 St^3 Jcü>II vll\bjuül v_S ^3 \ ob3jJiSJ\JI 

^juboJI ^3^>JiSJJ 3JO CjL^Ijidl ^3jjiSJJ ^jjo lSI 
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JojJ>oJI ( K + {aq), Cu 2+ {aq) ) ob^jjlSJI Cjuçzj J^JbïuoJI v_sv 9 vilj^ju ! 

^_jl>5joJI ^jJclqJL JojJjjoJI {SO^ {aq),Br {aq)) oU^jû^II 1 jJ^joJU <^jJLuuJI ^jJaüJb 

. jJ^oJU 

Jû£ CLC^jO^ïjoJ I <SLj£ — 3 

OJ° ^>3>ÛJoJI v_SVjlj>^ J Lu j3jj0 
T AJ3J0JI 

O3JJI clâi>l3 <juub*jJI g-^3J -b^\b 

Cjul 9 \jSz} I 

CjgJûzu dL )3 _^_ajulÔJ £ ^HJI 

Cu 2 + {aq) ob3-ül5JI Jljj^l 
! olj3 > iSJJ vbjüLii^lj v±JUi>3 

Cw 2+ (ag) + 2 e~ = Cw 

^3j\JI <juub*jJI jI3<ïij 

vîxj«J> J^JbfcjoJI j\jSL*&\ ^>\lû 

v^JUi>3 Br~{aq ) oU3jû\JI ojuuaSb 

^3jJiSJI ^sJJ ob3jJiSJ\JI L^juou 
! CUJbJI cj^laxxjl Cjlx 9 I j*sU I 

2 Br~ ( aq ) = Br 2 {aq) + 2 e~ 

JulC Ojl^joJI JxLâJI ül 9 v_sJbJb3 
! b^j-^-SJ I jLûJI j3>^ 

Cu 2+ (aq) + 2 Br~ (aq) —> Cu(s) + Br 2 (aq) 

AfiJI iJObüoJI vJV 3 j$JoüJ I i5si£ ^CgA^oJI jm *3 3I jJOüLmJüoJI ^^jJU JÜ£joJI ùl lSI 
■ CSOÜJ^JI JjJbttJÜ lS>JUüüÜI J^ajJI I JLû> |„5Sj0uuüU ■ (JNjIaJLJI Lû> J$ 1 oÜ i^OuüoJ 

: iSNjü^ÿiJI JjJbtüJU Qjuo^JI cl^I^jJI _ II 

JJ3J0JI CLb-AjJ^ v_sJJ ^3jjiÜJ ,JJO Q Ç-\jj$SJ\ QuJbS Ar ÔJuoJI J\b> JjijuU v_S^b^ÜI JjJbfcjJI cLu'l 

. v-Svjb^fÜI 

. 2 = I-At 0I9 A t J\L> cüub I JJbsjoJI v_s^ ôjLoJI v_s^b^SJI jLûJI ôjuuu CjûIS l 3 [ 
AJ3J0JI jjl£ I ^sJJ ^3jJiSJJ <jjo ciliLüuoJI ob3^JiSÜ\JI ôôLo cLaxSu cLbuj>o cbj^SJI cLh 0 ^ ûl ^oJLszJ 

. n(g~) = — ol i_sl Q = n(e~).F : qJLJI 
F 


J\L> v_svjbj^SJI JuJb^jJI J\b> cü35buoJI < jjubïijJI qJjS j+j£ü Ju>3l ^jLuuJI v_sy^><*ijJI JoLuuuJI v_s^9 — 4 
. CLûb I CÜJLjuJ jLü ôJjJI ^s3 jJOJ A t CLuuOjJI ÔJuoJI J\L> Cül jJLxSj £ A t ÔJuoJI 

: J^LsüJU J3_xj^JI 


v_$u LucxjAJ 1 JxLôJI 

Cu 2+ (aq) + 2Br (aq) —» Cu(s) + Br 2 (aq) 

CLC3 jOJ^joJI cJL>- 

^0 _XÀjJ 1 

ô^LoJI oLucxS 

n(e ) 

tUÎJüJI 

0 

cv 

C'V' 

0 

0 


At 

X 

cy-x 

C'V'-x 

X 

X 

2x 


n(Cu) — x — -= —— LujJ ojlüJI J 3 J 0 ^ljuuo 

2 2.F 

! uc^juoJ I ^jju b*jJ I O Is v»sJ LJ b3 

IAt 

m{Cu) = n(Çu).M ( Cu) =- M (Cu ) 


jjZüJ-u-oJI jj^jJI jJjyD 
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Jl J^Jb u oJ JjJboJI - III 

T v_SVjlj>£^ J-Jbfcj jb*û| Jül£ CU^SLôoJI gübJI ^jOLc \Ls*3 *J2jSZjü ^ÔjS 

2 JgLuüuJI 

t J^JbfcjOJ U Jijuij ^jJLc Ik^juI \LoJ 

Cx^ljidl jjjo <w> 3 jü\JJ <3jio v__s\3 jjoJü 

jjOJ-juUüoJI jJ $jJU jJ^jO v_SV-sbLQJ \J I J-^Ü 3 

. lS^-juülS j$1oj CjAszuS i (3,5V) 
\ULjo d^JI ch 0 Ucyjuuu £ j 3 >° 

Jô^>\Jji3 t ^ 3 J \JI cu3 Jl> 3 -| sSjJI £,>âJI <*_s^9 3 ^jJû\JIj 

\Lis jlbL>l V3+jl -b>b /xj £ 3^Jù\JI Û3J clâ^j>l 

<bJj ^ 0^3 ^3j15JI £j3 v_svS ^ 3 ^ 3 joJI J 3 Jb*x>JI <jjo 

£uu£u CU 3 J ül £ qJLàJI J 3 JULÀJI qjo olj-LtS 

■ b^j3 

v_s^9 ô_)L>l 3 ijoJI cuîlooSJI £.l^j\JI SjS> J\L> <jjo _ 1 

JuuuS^o/JjjL^jo ob> 3 ^jjoJI ^sJLc 1 Lobbc:I 3 J 3 Jb%uoJI 

J5 Jul£: L^j 3 _)l> ^SuouoJI o\LclâJI cuJUI 

T ^£l| 

0 2 (g)/H 2 0(£),C£ 2 (g)/Cr(aq) 
H 2 0(i) / H 2 (g), (a^) / A^O) 

T J 3 JbijoJI v_svS ôJL>l 3 i J oJI £j 3 j\JI v_s^ lo 

J 3 J 3 ISJI cijL> 3 jI £ Na + /> 3 j^ 3 jzJI 0 IJ 3 JI £ sloJI £ ( JxlàJu \J ) CjulSIj^JI 

o\Jjjîji^jo JjjL^uoJI ^ 3 ^ ül tj^ucxj v_sbJl ^^Lucxji^JI gJ 3 j\JI £ ûJ ljujlSI OA>J ^AJI Jb-C cül /oJLszj 

0 2 (g) / H 2 0(£),C£ 2 (g) / C£~(aq) : *JUI ob> 3 ^>oJI 
: bxd> ^ 3 j\JI JûC Lx^j 3 _\j> q^uouoJI ûbjuua5\JI 

tf 2 0(£) = ^0 2 (g) + 2H + (ag) + 2e" 
2C£~(aq) - C£ 2 (g) + 2e~ 

JülC Cül /xlsj 
; clJUI ob> 3 ^jjoJI 

2 0CO / H 2 (g), Na (aq) / Afa<» 

: Lcx^ ^3 j15JI _Ll£ Lo^j 3 _)l> ^/SuouoJI 

Afa + (i aq ) + = Afa(s) 

2H 2 0(£) + 2e~ = H 2 (g) + 2HO~(aq) 

. JJbtJI Ijüî> J\b> \Ls 3 cü3SbuoJI £ûI3jJI ^üüûLjujI t ùjszûjoJ 1 /jI3jJI qjo_2 

■ jLe j9\LLjl J5 ^sJLc cul u^jûu cdâ^\LoJI J\Jj> ^jo 

3 _û> jlidl ül lSI >l>ll IJlû> Û 3 J Aü_fij ^IkjuoJI jlsdl ûl 3 j%jJû\JI J9jj\ >I>JI ^^^3 ^3-^1 »^ 31 juuuo ^jOb: 

2C£~(aq) = C^ 2 (g) + 2^“ : 3 ^ vi»jc^oJI J^LàJI ol lsÎ C ^ 2 ^^JLSJI ^snjLj 

oÜ 3 jI O 3 SÜ ^jvlc u^JL-ôJI J 3 JULÀJ lS^j 3 JI Ü 3 UI j 3 -^Jb J-Xj 3 H 2 < jjj> 3 jJu^JI v_svjLu jlc ^JLbûj ^3 j15JI Jla_c 
2 H 2 0(l) + 2e - =H 2 (g) + 2 HO~(aq) : 3 ^ Oa^joJI J^liüJb USJUU 3 jl H uoS 3 J ju^JI 

. v-s^b^SJI JdbtJI Ijl^J cdjyzi^JI cJ^U^joJI CjuüI — 3 

2 H 2 0(l) + 2Cr (a^) -*H 2 (g) + 2HO~(aq) + Ci 2 (g) 
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JjJboJI oIajuJsü IV 

oljJLflJI QJO JuAsdl CUÜJU3 — 
v_ssjLj 3 j3iÜI v_svjL^3 cLxxJI3 oLâJuo>JI 0IJ3JI3 Jui 9 L> clcxS ^I^joJI vÀszj j+jÆgü _ 

... êJj 

cÜ3jcx^joJI ^_âJl^-^JI3 oIjLjuJI objUcuJI <jj*uuj Ô^Lc[ _ 

— 1 

. Jl^juo^I v_svjUij ^jJaàx) Icxû>Jl>I . <jjo <jjo v_sw^L^>>II /x^>oJI ûgSuJ 

dL^u^SJI <jjo .bjJb> 3& ûl:>3jJi£J\JI ûIâü eus >o^j lSjJI v _S'^3>^^VI J^J-^uoJI 

. PbS0 4 (s ) II^l^JI 0^3 2 H + (aq) + SOl~(aq) 
jCÜaJI cLu'l dJUS3 cUj>jL> ôjb ^jJJ clJLj^SJI c (3 UaJI £uucxj 


JÜ3j0sS J^LjJju ül /xSjjoJU 

. £>ûj /xS jjoJI ol J3-QJ i v_svj ÜÜJI 

ôb^Juo IjLû c LjJLc ijÎDjÀj IJJ3-O c lJcüjjo LoulC ^J-^jLajüjcxS jJj^Ljûju ol joSjjoJJ Q^uOsJ 

. <JJ*lJUÜJ />Sj joJI ol J3QJ £ gjjJijJI j\jJ ^SXJfcJuoJ 
: v_s^L^j v_sx9 J^cLâJI cj^lsx) 

: aJ^joS JlâoJj\JI cJL> 

: cuJUI cJ^l^oJI J|^\J| /xSjjoJÜ v^S^oJI SJtktiUI JulC 

(s) + S0 2 ~ (aq) + 4 H + (aq ) + 2e" = PbS0 4 (s ) + 2H 2 0(l) 

! ôJuuoSI CjA^zj /xS^joJU vJLajJI ^jJaiiJI Jj-C 

P/?(.s) + S0 4 2 - (aç) = PbS0 4 (s ) + 2e" 


JxlàJI cJ^LsjoJ j-juüLüoJI ^JOOuoJI 


CLC3jOsJ^joJ I j3_Lüj 

i^0 2 ( 5 ) + 2S0 4 ~ (aq) + 4H + (aq) + Pb(s) 2PbS0 4 ( 5 ) + 2 H 2 0(l) 

\ J^jLOuüuosS JU^\JI ^Jb> ^_s3 

^joüjuoJI v_sx3 Ijlü v&jÀj _jjoùOjüuoJ I jJ3jJJ JJ3J0 QuuSjJj dJJi>3 cLOiiJuJ <j^uou >o^>oJI gj>ûj cJL> v_sx3 

cisUaJI JjLajüuuu JJbiuo ÿX ô^Lc /x^jjoJI ügSu cJb%JI ôJlû* ^s 3 . gjjüjJI sLuil Jô> < \LoJI ( jjoSlax)JI 

. v_S'jlfiJjJI j3^üJI ^SvJ^juoJ Ls2joJI ^SV^juoJI 3 Z>ô ^3jOJ*joJI j^üJ3 

2PbS0 4 (s) + 2H 2 0(£) Pb0 2 (s) + 2SO 2 '(aq) + 4H + (aq) + Pb(s) 

: qJb^JLo 

sL^lll p Jlc \S& cüjuuüüüI I 3 OjJIaJLJI oXI^poJI _ 2 

. jjjULQjuJJ ^39 IjjoJI v_S^ LqJLÜ I J3^iJI _ 
QjC^juül53\JI V_SVjIâJ L ^jS J>JÜJ CLuLûJj 0\J3JO ÔAü OJL?0 £ àAÀSLO ÙjSj+juJ Qj\ 

\ cU^IsjoJI lSS JxLâJI ^393 v_svjl3-^-s> Jq-ajj3 v_sx 9 J3^LJLsÜI vil\l^JOuul 

C 6 H l2 0 6 (aq) + 60 2 (g) ^ 6C0 2 (g) + 6 H 2 0(£) 

Oj\jS> JLc IbLâj^JI v_sx9 cLz)b> /xüLuuu3 jujjb i ^_*JuLuoJI ^s^OjoJI v_sx9 v_SvjL oJj ôçpü 3^3 

/)3_ûJ qjoj\UI ci3lkJI ^jJ|/)UJaJI v_sx3 ôj93^xJI C19LLJI J3>lû dJJS3 £ 37°C ^3 _\j> v_svS ûLuuü\JI /x^jul> 

/Xjuul^JI ,jjo ctiJb»' v_sx3 v_svjLuOsji^ cib-juu^ <^Qjlb3J /^juul^JI 

. /Jlc v_sx3 
. v î 5y3-£JI ^39 IjjoJI v-S j-juulqJ I J3J*jJI _ 

^jjo l9\Lbjl qjJ^l^juülS 3 ^II v_svjLu 3 oLj^ljuuJI ^LjO| qjo £ qJLs^l obLuJI £*_s\9 £^5^3*^-!! S JL ^>^I O^ 0 ^ 

^L9UoJI JuJclôj lS^>-juü 9 JxLûj <j^9 /^3 ■ s?3>JI ^9\l-âJI ^3 ^^>93^0031 &LoJI3 ü$jj£J\ Jü-jua$3Î v_sxjLb 

. ^jjüUCX-juuJ I ^S2_juijl QjO ô^jl3JI 

6C0 2 (g) + 6H 2 0(£) —> C 6 H l2 0 6 (aq) + 60 2 (g) 
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ôjjj L uo a S ^jjjuulaJI <jy$2cd\$ ô J uo x J OuUUI 

ijjjlojJI 


1 <JJjJOJ 

jJ>l <juul^ v_ 5\3 &-^3 <jJüb*uJI jJjO £03 j£>sù$ II jjjub*uJI oLujjlS J^JL^uO <JjO Vj Ij 0 C*O <juul^ <^_S \3 &* 2 -j 

oljjuJ ciç*JLo ôj-LjlÜj Q.J^JbsjoJI J-£Ü . ^Lo^JI <jjo cL?ïulÀ^> CU9 jjysù$ oljJu J^Jbijo <jjo V 2 Loc*j> 


. (NHl(aq) + NO-(aq)) /><^\JI 

£ ^>3jCX 5^JI CüLuü /XjuJjI _ 1 

^jJJ lJu& £ jJuo^bJ^iiJ jj>\)l JojjjoJU <jjub*uJI COITI .LujjoJIj _ 2 

. <=ü$3$ J 3 xxsdl cLuJaS ôJu> . £/ = +0,48V cLouiUI 

. ^^jcxsdl JlâLjJjl cLuil :> 3 ^SÜ| JS jl 3 <tJ Cjjl?ïu sSjJI J^làJI ^UjüüuuI _ 3 
3 >ûJIj cü 3 jÜjoJI _ ôJ ljujlS\JI cJôlax> u_jjS| _ 4 
Pb 2+ (aq) / Pb(s) , Cu 2+ (aq) / Cu(s) : ùLüLclft^oJI ùL> 3 ^>oJI : oLJaao 

2 

JS- Sn 2+ (aq)/Sn(s ) , Fe 2+ (aq)/ Fe(s ) : lcuï> üüJLclàioJI oL> 3 i>oJI ^A.^a.9 /juJo o^Sj 

C = 5,0.10 2 mo/ / £ ! u^Luuu ôjjSjJ v_s 03 j^JI J 3 JL 2 ÏU 0 JI ,jjo V = 200m^ p^> ^jOLc sS 3 i^j 03 xxC u-SLzu 
£ /? cLu^lajo v_svjo 3 I J-Z 53 J 03 A jJuojju^I <LLljuuI 3 j jjJu^lqJI ^ 3 jji 5 JU JuJc*JI 2 > 3 _>xSÜI J-zaj m = 10g IgjJLS 

. A / 1 = 20h ôjuoJ / = 30mA qjjuJj ^sOl^S jlü ^ >oul9 
M(Sn) = 118,7g /mol < M (Fe) = 55,8g / mol : CUJ 3 /JI J-SJI : oUas 2 x> 


£ e = 1,6.10 _19 C : ^1jüü\JI cu^jJI 
N a = 6,02A0 23 moF l 3 ^ 1 ^ 35 ! cljü 


1 

. ^3jcxsdl JlâljJjl J\L> JuuuSLu Ju Jc%JI ûI LoJLc £ ^3jo^JI 
. JuCXsdU v_SO^\JJo j Z 5 \JI JjJuOjJI -Licl — 2 
. Ar JlâLjJj\JI ôJuo J\b> cl>3juouoJI Q cbj^SJI ctuoS u-jljuuoI — 3 
. cLulgjJI qJbJ^ cuJjuJI cJbJI Luuuo J3^ûJI j3-IoJ v-S^â-^JI J3JCJI v ls\^Jijül _ 4 
. ^sv-zaSl O3SL; LcxjlC qjJ3^jSJ\JI <jjo JS jjj^j u_j^uu>I _ 5 

3 vjj>oJ 

. /)3jj3jo\JI J3J3JAJ cLpïJLo ôjJojl 9 ^jJLc Cjuû> St sv^-*ju\I 53 J ^3^xC >sisj _ 1 

1- 1 

? v_s^\ls >ol v-SOïJLo v_SV-ajüj\ 153 J ^3jCXC Jfli 2 _ 1 

2 

. lSjlcL9 J3Jb^oj ^> 3 ^ OLJ3>iUVI ■ Zn 2+ (aq)/Zn(s) 3 Mn0 2 (s) / MnO(OH)(s) 

Mn0 2 (s) / MnO(OH)(s) cl>3^jjoJI ^jOLc Lui LoJLc cl>3^jjo J^u cl^jJLoJI cJ^Ls^joJI 1 _ 2 


. lSJlcIs Jû_juu3 v_S ^3 

v_s ^3 j3jo^oJI Û3jjÜI jJuo^LJ3àJU COITI ii/jjoJL dbjJI ^ 3 jJi 5 JJ J-zij 2 _ 2 

. jj&j l_sOI « ^huo^LJ3àJU j>\JI I^jjjoJL Mn0 2 /)$jjjùsuoJ\ 

. ^3jo^JU v_sv^>\LLlzj\JI JjJuojJI Jacl 
. juLx^JuoJI JuLJuüSg v_s^JLu qjo 0,97g *iJjjJI jJ -9 ^jjo 20g J^clfiju 2>3-xxsd! lJLs^jLjuüI ÔJuo sLuï 3 _ 2 

. <_$uza 9 \JI u-jljuul^I . J3^üJI j3-LüJ v_sv-û-^3JI J3-X<JI v 3 v - j ^I 

Ô3XXSLII ül LoJLc £ J3 jo^JI JI^LaJüI ÔJuo u-j»-juul>I . JLài-jJu\JI ÔJuo cLuil cJ^LûuoJI ob3^Ji5J\JI ^JlC u_j^ajul>I 4 _ 2 

I — 50 mA cojuJu IjLj ^svlogj 
. JLâi-jJj\JI ujo Af = l/z30min ôjuo J\b> / = 50mA qjjuju I^Lj 03^1 ^sJosj _ 3 
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. ôjIjJI v_s^ jjoü v_svjJI Q cb^SJI cluoS <^Luuu_^>j^\JIj 3 ^-j ljuul:> 'Î 1 _ 3 

. dJjjJI c dLkS jjslj güJLLjuül 2_3 

! C1J30JI JjSJI ! oLiasijo 

M(Zn ) = 65,4g / mol,M (Mn) = 54,9g / mol,M(o) = 16g / mol,M(H) = lg /moi 
IF = 96500C/mol : sS^lôJI = 6,02.10 23 mor 1 âplS^ài cu,b , e = 1,6.10“ 19 C : qj|jüu\JI cu^JI 

4 

J^JbïjoJI t Ag + (aq)/ Ag(s) 3 Zn 2+ (aq) / Zn(s) o^>3^>oJI ^-âJs^oJI cLàâ /dbj :>3xxsdl 

! ü^Luuüuo Zn 2+ (aq)$ Ag + (aq) 063; \U ülyjuJI üljjSjjJ^lOO/?^? 3^ ^3xxc JS v_s 03 j^JI 

[Zn 2+ ] = [ Ag + ] = 0,20 mol / ^ 

jis &o£u £ ^3xxsdl JLsii_jJul cLuI rn. (Z/l) = 2,0g : v_sv^ j9Jb*joJI v_sv9 SbjJI ^3 >SJ! <jjo ^, 3 jcxs 2 joJI cjjJI qJLS 

. clziàJI ^ 3 >SÜJ ^jJLc cl^lôJI 
. clJo 3/ Sbj ^3 jo^JU v-S^Alla^^l JjuuojJI Jclc\J _ 1 

2 

K - 1,0.10 52 JxLàJI Iàô cljü sS3Luuü_3 

. ^3 jo^JI v_sv 3 J-^bdl j 3 -LiJI ,jjo £ v_sulaJLJI j 3 -LüJI jLax> J^Llu 

^3 jcxslII Jlâji-jujl cLuI Ag + $Zn 2+ 063 ;\JI <jjo JS jjSjJ ^xâju ^-ûjS 1 __ 4 _ 4 

^>3 jcxsÜI v_sJ3Jbïuo v_svS v-Sub^gSJI ^Ipdl ^jvJLc Iblâ^dl />Ju v_ûjS 2 _ 4 
. J 3^jJI ^svjl^JI J 3 JCJI 1_5_5 
. A^ïjoJI J_cLqJuoJI ^üüûLjujI 3 X max ^_5Vj^i9\il ^/oJlQjJI 2_ 5 

. ôjuo J\Jj> I = 0,15A Lui jj$S IjLü ol ^3 jo^JU <jSjoj _ 6 

■ I s F sSàjUJfe X max ÜVjj A t j+jSü Jl> 3I 1 — 6 

. ^3 jCXsAJ « 33-^LaJI cbj^SJI CLuoS gûuL^JuU^ A t 2-6 

■ ÔjüÜJjiÂJI J>$isd I3 ^anOÜjJI jO gi fi J U ^b>" ! C^ÜJ^SJI J jJbuJ I 

5 ûjjjoj 

. Zn 2+ (aq) + SO 2 (aq) SbjJI oLûjjSJ v_svjLo j3Jb*joJ v-subj^SJI J-Jb^jJI j^ûJ 
v ^3 jISJI qJLS ojuljJ t I = 0,63 A cüjljuj jLûu ôju 3 jJ />j vîju<j> £ 35,0min />l^ sS4JI J-Jb^jJI ^ulpj jû-c 

. A m = 448mg 

sS^lSJI J— 1 
. JJbfcJI culpj JulC X cloJlûj ^jljuuoI _ 2 
. SbjJLI M(Zn) cuJ^I C1JLSJI3 A/72 3 x s^JI cl9\1sJI - 3 

. M(Zn) àjzuS güxijujl _ 4 


6 

clîoàJI oljju J3Jbïuo [jjQ 200 m£ ^sOLc lS3jl^j J3\)l ^juJIj>^S ^jJU^ 0 v»svJ l3jJI ^jOLc 
II ^bdl oLûj-S J3Jbtjo ^>0 150 m^ ^sJLc sS3i^j US0UI3 Q = 0,1 mol 11 ôjjSjJ Ag + (a^) + NO^(aq) 

. C 2 = 0 ,l 0 mol / £ OjjSjj Cu 2 + (aq) + SOl(aq) 

■ usObj^SJI JuJb^jJI Ijlû^ «^3 viljLuJü \J cÜjOs^^LjuljuoJI ol^3^>jSJ\JI 

■ v_SVjljj^SJI JuJb^jJI Ijlû^ jl<üjV — 1 

. JJbïjo JS ^3 jS JulC lSÂJI JxLâJI cj^lax) I _ 2 
jLjJI ôjuuj . 1,2g v J 3 \JI JJb^oJI qJLS ojuljJ 15 min CjuoI^ I3 JuJL^jJI ôjuo J\L> _ 3 

. ôjIjJI v_s^bj^SJI 
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qJLSJI Lu Juljj ôjLe Ijl& ■ JJbfcJI ôjuo LiJI <JJbjoJI IS qJjS jjsu ^üuuLjujI 4 

. v_soLiJI JJL^joJI 3 J3\JI JJbiuoJI v_5^ s^sJI^JI wj'JLc Cu 2+ (aq) 3 Ag + (aq) <jjo <JSJ QjuulgjJI ijjjjSj jJI _ 5 

M(Cu) = 63,5g / mol,M(Ag) = 108g / mol : oLkao 
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oloJbdl^ ôjjuü^ll üUclàj 
Réaction d'estérification et d'hydrolyse 

^jJLuuul^^j^SJI 0010^^13 O^asSJI — I 

oJ3Te5JI — 1 

. cuJLUI cLC^xx^joj clIojj>o —OH ô_>jjOuoJI cLC^^txJI j-ooàij _ 

. i_svJL5JÎ _,jl> R— ùî Cjuszj R —OH \ v_sv^> JjpsSJU cuslsdl 

! oV^^eSJI ( jjo vSLdl jJLlû> 

R-CH 2 -OH : ^sJsill J^^SJI 
R-CR'H-OH : lS^ÜÜI J^^SÜI 
R-CR'R"-OH : ^UUI J^UI 

C £ 

("Ol) J 3 I _ eÜi>\]JI ClàLoj g^ cü ^I^joJI Ol5J\JI /XjuüU ^JVjOouJU ! CLuCXjuüJ _ 

. ÔjJ$Jj£J\ cdLuüJLuüJI V_sv5 v-SV-ûJô^JI Ù^JjÜI gj-ÎO^JO tjJ-C Jju /x9jJ C 03 -CJUÜJO /Xjuü\JI ëulpj 

: iSsiLuJaj 


CH, 

1 



CH 3 — C—0H2-CH 3 

CH—CH—CH—OH 

ch 3 — ch 2 — ch^— ch 3 — oh 

ch 3 

ch 3 

i 

£ 



! L^jLcxjuüI 1^:13 cuJUI o\J3^SJI CSLjuÆ 

^jJulmjS^jjSJ\ — 2 

—COOH ÔJjjCXjoJI C^ 3 jOJ^joJI ^jJLc \sdjLJuj£$Jj$J\ ^yixx^jl lS 3 ^^J 
R — COOH u^o ^>J ^joLsdl 

CL£3‘S* j 0 c Lcx15 ^JjO « ta _SvJL*_jua^3^J > ^ ! CLJL^juü^ 3-J>^ I Lo^\J I CLuOouüÜ 

. /xjuü\JI ëolpJ ^J|(oique) dlj3 eüi>\]JI ëisLoj gjo v_s03JjÜI <jjulôJ cd lSjJI ùISJ\JI /xjuuU 

2 üuuJâj ÿjjjoj 

£ c c 

! qJUI <^JjHuaS 3 J^ÜI I cLoouül JgLcl 




. Ol^uuuVI — KjOM>à\ oljüjjüî _ II 

OSUO^JI JÜjJül _ 1 

—CO —O —CO— ! ôjuuouoJI clc3jcx^joJI tjJLc ^yixx^JI JujJûl eujjj> LS3iJ^j 
R —CO —O —CO —R \ vS^èb u èLOC*]\ JujJû\J ëtobdl ëlâAu^JI 
! <^ioc*JI JujJûl ^jJLc J 3 a^JI ëUÂA^ 
LS 39 Jj>o ^> 3^3 700 °C ôjljjaJI ëi>j^ Air: é 

J^cLôjJI Ijlû^ >oûu3 é JujJûl ^jvJLc Ju^l^ü ( j3jLaju3JlII Jlcjuü^I ) cloJU 
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. I ,juu c- LoJ I 

! ^sJLJI JijuuJI ^jvJLc cLoLc <=1. àj^u ^juiSu JxLôjJI cJ^Isjo 



CUxISu ^yfux^ CLcxIS {jÀjÿSL) gjQ i ^I^joJI i^sJL^juO^^J I ^yâjOJ^JI /XjuüIj ^yixx^jl JUjJûl ^JVJOouüJ 

■ JujJûî 

: uSVAjuJsü <jjjjoj 

! ôJUI u ^LO^ci\ oljujJül cLoouüI JclcI 




! < s _5\-û} jjljuu\U CLoUdl <= \S2. juuO-J 1 


. cuJLSJI clc^jcx^hjo U*k*9 /? r JjuOsj^ ôji> 3! ^-C3 joj*jo /? CjuC> 

! oIjjLjuj\JI c LoOouüU 

■ CH^j^ O- 0 JX-kjJ I 

"ùlj" cLûj>\JJIj "liLg" cUL>\JJI ^yxi^süj St sOU juU ^3JI /xjuuI <jjo J^Uuju J3\JI cjjaJI 

. ô^Ju cÜaAj>°JI cuJL^J^I ^3jcx<*joJI v_sOLÜI cjjaJI 
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! JNJUiJûÜ (JJjJOJ 



- J-mVI gjuugü : Qmjjzü Qmj\jï 

jjjo oljJa 9 ctJI c_Ôju£Ü 3 J^jIjüYII <jjo 5t7î^ 3 dJj 3 jbu\JI ^^ux^* <jjo 50 m£ v_svS c_ju£ü 

■ dLjüjj^JI ^^UX^ 

j^uulC ôJuoJ 80°C cüjl jJ> /xj^jo />bx^> v_sv5 c l^aj3 t v_S'jl3 -& >hjcxj iJjj3jJI Juujü 

. lujjü 

qSj /xJ CL^jIj /XjuÎjûS é gJLo do ^jJLc lS3^^J é Qu^>2jJ>J0 <jjü 15 v_SvS iJ)j 3 jJI t_S3i^J0 Uüûj 

. clcxJI v_sv5 ûb 3 jJU JjIs j+ê güb >^-tü3 t jj-JLcLâixxJI gjjo ô^ 3 ^> 3 x> 
. J^jJLiLi\JI 3 dlj 3 jljü\JI ^jàxs^ fjjo JiJ qjLiSJI ôj 3 _^uuuoJI «JL^ü g^JI c_jüîSI — 1 


CH—CH—OH 

JgjUj^JI 
O 

1 

c —OH 

lLLsJLü^JI 


/\ 


OH 


CH 3 — 


L 


. ^IajCXaIJI CLÜ^IsZjO 

ôJjuojo Qszj\j LSi>3 eJLxxJI cbxJI v_sv5 ûb 3 jJU JjIs güb ^jJI iS$\ v^bj°^ J^cIûj vl>Jo JlûJ 
■ ôjjLjuj\il JxUlÛ <ta _5VjOouUU JslàJI JjuVI oI^jLoV cuxjujI >ji-<ujJ 3^9 ùi| oljji_uu\U 

! <*jLo*£JI cuJ^Lao v_ü5ji 

"ô~ 


CH—CH—OH + CH —C~OH 


CH — C —OCH,—CH 3 + H 2 0 


JgJbüyi 


di/.SjÜuyi (jÛJEX^ 
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jJLajüI Ü$Sj <^5vJj sS.^3^3 ^3^3 i^sJLhuo53Jj 5 J^LâjJI »*_SVJÎ> Ôjjljuj\JI t ^LoLc c Lsl*^xj 

. cloJI 5 


a 


C 

D 

I 


R— OH + R— C — OH - 

-> 

R— 

C — OR 1 

4- H z O 

^ 5 °*^ ^,Jajsu5sl^> 5 (jûxc> 



sleJI 


jjujj\ oloJL> H 4 

. etoJl3 JjJ V\ ol^jül v jjo ü^iuo JoJ> iJjâjuuü : 2 JoLuüü 

u ^^3 Js^VI ol^U ,jjo 10 m£ clJI kJLxaGJ^ t j-LüjoJI tLcJI ,jjo 10 m^ t ôjj^> qJL>3j> v^svS c_juzu 

. dLjuj-fcSJI ^yixx^' oljJa 9 

/XJ < ciJL> 3 ^JI clq^^s ^jJLc Ljuj\j LjjüO Cjuuu pH =7 ûl ±>û 3 pH ujulaJü AS 2 J 

ciJL> 3 ^JI <jJSuuUUO v_Sv 3 ôJ lû} 

. pH = 5 ûl IbL>\Jj É ixJbJI Jüjjj _XS£J 
? Jô^UxxJI pH Jl jjsù Jju Jju li>lo ^jJLc _ 1 

pH 

? 3 cLxxJI jjuu kijjo lSjJI J^LôjJI 3-û^ Lo _ 2 

c_jljuul> VIJL13JLjLiII ^yixx^ 3-& JxLôjJI IJl& gxJU3 cLoJI3 ( jJLjuuI) ,JjLi\JI O^Lül <jjj J^cLûj vIILlû^ 

: clJLJI ^ c Lcxa 5JI cthlaxxJI 


0 

II 

1 

ch 3 — C —OCH 2 —CH 3 + H 2 0 

-> CH— CH Z — OH +CH 3 —C—OH 

J Jv)$\ olgjLül 

JgjLü^Jl db3jU;\)l u£k£& 


■ ôLxxJbJI J^Lôj t ÙjjLjuü A' I J^LôJ (JjoSLsjoJI J^cLfijJI I _ÜÏ) jJJvjOouüJ 
! cJ^Ls^XxJlj jjljuU j ôLxxJL> J^cLûJ jjlSZJ CLoLc CLÔj^U 


0 


îi 

1 

R—C—OR 1 + 

H z O 

- > R—OH + R— C—OH 

>-m4 

PÜJI 

^?Joai5^>5 lAû> 


ûl o Jb J lj O/uA 1 Ojl^ oJbJ c Ujj><üJI OuujIjJÜI — III 

ûjJüuj^JI Jfliü üljjuûüo . 1 

0 jïm j Ij8 JéCLâJ oljjuoüo jljjj ! 3 üvj,pj JoLuuj 

ûIj3^ ùLu ôJujcxIj 3 3J3JJJ /xJLsdl />l 3 g_juuUI ùjjUI >>[9! v_sv 5 

c £ 

. o\J3^SJl3 ^/dLoo^I C_qJLil^jO ÔjjljuüI J^cLûj ^juüIjJü 
CH 0 j>^3 6 J-cLôjJLI QuSzlqJjq cLjujIjJu 3J3JJJ />ls >0 1862 cLljuü ^sv 3 

. v_svjLoxa 5 ÛJI3J ^jJI ûlj^3J ,juljuü 35 Lc jj-JLcLûj Jl>I3j L^J\L> 




















R 


. ÔJujoJL^ 3J9JJJ <JjO ôjOJuoJI IjuuO yJLÆ$ V_svij IjCXa 9 

. J3jIjü\JI 3 ^yâjooJ o\J^oJI lS3Luuüuo jlojl — 

/>loo v_svS Lp-SL2>33 ( JuuuJI cuxSojo <^_juubl ) O bip* ôJlC ^^JLc CÜ3LUUÜU0 oLucxSu JûJôJI gjj3J _ 

. f = 0 aboJUI JulT: é 20°C <*jj\ y> <30jJ jyjj jo 

Jlhuji^3jJla^ J3Jb« clLljuü^ Lo33iox> ôjjlax>3 1 &Jujjj 3 cblo « £ ëlboJUI JUC é gljôJ — 
. ST ssjLUoJI ^yixx^JI ^LucxS Ju JojJ dJU S3 « ^jjJLlûJI J3U3 ^3^3 j />3j ^3-^JI 

: J^r ùLuü3^ ùLu 3 3J3Jjj cuir: Ju^l> v-SviJI gubjJI v-sJbJI J3J0JI vo-biaj 


t(jours) ! ôJuoJI 

15 

22 

70 

128 

154 

277 

386 

jjLjuJ3-oJ 1 ^£L0oJ 1 CU_ AJ aJ 

10,0 

14,0 

37,3 

46,8 

48,1 

53,7 

55,0 


jLoJüuujI 

C £ £ 

. ôJujoJbj 3 J 3 JJJ ôjojl lSâJI ôjjLjuü\JI J^cLûj cjJ^læx) 


CH—CH—OH + CH 3 —C —OH 

JgjLjyi dLsJLü^ll 1 

■ OJ°jJI jji-JuULpJI jOoJJ ^ 03 “*^^^ CL^juüjJU JjjouoJ] oLuuoJI /y~uJj\ _ 2 

S" ôjjL*jü\il J_cIgj oljojouo »*_s\jî> Lo_ 3 

£k_S^CU J^cLûJ ÔjJLajü\JI _ 

^yâjooJU CU3IX5JI cUjuuuJI J33J _ 

jjjo ji^l cbJo cuxaS 30 J jJüuü 3 joJI 

■ 6>üuü\JI Jxbü o\J lsÎ 100% 
.( ) ^Jojo Jt:Lûj 

ûloJbJI JxlÂJ oIjjojo — 2 
üljjuoüo jljjj ! 4 JdLuüu 

oLoJbJI J-cLûj 

ôloioJI JxLûJ CUuüljjJ 
jOjJ I <33^3 I jjjuuqj O Lu Ljo^aSJ I 

! ^LjüJI 

J0I3 J3J0 fjjo ü$Suu jjuJooj _ 

3 C 6 H 5 COOC 2 H 5 0I3 JJU <jjo 

. sLoJI jjjo \J3j0 83 

/>Loo v_sv3 Lp-SL2>33 ( JuuuJI cuxSojo <^juuUI ) oblo ÔJlC ^^JLc «^Luuüuo oLxxSu JaJôJI §jJ3j — 

. t-0 ^JâoJLII juc < 20°C <tij\ y> QojJ /xjjjo 

J3I0Æ clLljuü^ Lû^l3iox> ôjjLs2x>3 1&Jujjj3 culo « £ <&o*di\ juc < gljôl — 
ôboJbdl J\Jô Û 35 bjoJI ^yiooJI euxx^ JuJoJ dJUi>3 « <jjJLlqJI J3âaS ^3>3j />3j^ 3 j ^JI 
! ^jjojJI cJ\Jju 200°C Jûr: LoJojoJI jjljuü\LI cSu3-5LoJI ^l^jujuJI J3-^<31 ^_s\lo^ 


ôJuoJI t(h) 

2 

6 

16 

LcJbtoJI jJLjuü\b % 

18,2 

47,0 

88,8 



9> CH 3 —C—CH 2 —CH 3 + H z O 
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. C 6 H 5 COOC 2 H 5 JJVI ol 3 >Jü ôloJL> JxUj cUilfio _ 1 


0 

II 


0 

II 

CgHg—C—OCH 2 —CH 3 + 

M a 0 - 

II 

- > CH—CH 2 —OH +C5H—C —OH 

JJbyi Ol^jJu 

eLoJI 

J9JL4II ^!3>4JI uà» 


50 


A 




9é 




OjojJI oJ\Jju IxxJbejoJI jjLjuü\JJ CU300JI cUjujuJI é v-SvsdLooJI clLljuuI $j Jjuo _ 2 

v_SV5dLbjoJI JjuQJ 

LoJbtoJI jji-Juü\L) ^Ü^ajoJ ^ÜLJuUüJi 
200°C àj\y> cu>p Jul£ 
J^lûJ oljjjOuO V_S^ Lo _ 3 
^ôloJbJi 

. £ St s\Joj ôloJbdl J^cLûj _ 

^oAÜjJI c LcjuüJ _\J> _ 4 

. ôloJbfcJI J^LâJ T 
cJbJI ^s3 ixJLâJI kS$ï2*j 
0I3JJJ ,jjo lm#/ ^^JLc cucaJI 
i cloJI <jjo 83 mol 3 Jju\JI 
; ÿjù J^LâiJU <^5waS\JI JlüjJI 

>^VI O^ 1 * ma x = lm ° l 

lSI 88,8% jS^>üj m /xJ loJL^xJI 

! cUjuuü ùl 

°- 888 =0.888 









































































































































































































































1- 

1 il 











16 



















X, 

T = ^—~- 


1 


. :>3Jc*jo 3^3 v-svi^ J^:Iûj ôloJbdl J^cLûj ùl çSl 

oLoJL^ . ôjJüujI ùjI^jJI — 3 

C c C 

! v-S^jLh 0 ^ ÙJI3J ^jJI ÙI03J ôLoJb*JI J^LôJ3 ôjjLjuü\JI J^cLûj ùl 
oIjjuiS ^jJLcLûjuoJI i-SjjSjj o\J Ijc> àjjuS cuIjuJI kS'S JxLàJI ^lcj^juu 03^-1 ■ ôjjljuu\JI ^J-cLôj 

oJ^i^uoJI ^I QSZUÜJ CLCj^juüJI ^^iSliuU J_cLqJ! J\l^> 

ùl ^jJI QUU35LL0JI jjljuü\JI 3 cloJI LSjjSjJ Juljj IcfcJjJÜ Juljju CLCj^juUU <JjJ3£LiuoJI cLcxJI3 


: cl^M> 

ls*x> ùb^3J3 St^ ùb'Jc^j ùLuoljJuo ù\JxLûj ôloJbdl J^:Lûj3 ôjJüuü\JI J^cLûj _ 

. v-S^jLh 0 ^ ÙJI3J cJL> ^sJI 
/? - COOH + /?'-OH <=> R - COO - R' + H 2 0 

jjuOùU v-5VJ LjXaS Ùjlÿ jjjjO CLC3 X)J^joJ I CjÿSj c L^juJLQJ ^LCj^juüJI < ôLcxJL^i , '0 Ôjjljuu\U £|Uu£U LoJülC _ 

! cLüLJIj 


[ÆCOOÆ-]. l^ol 
[RCOOH]\R’OH] 
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oluüUI mm Lo Ijl £>3 cLoJbJl3 o^jljuuI oUcLaj iJn 3 cloJI jjüsu y : ôJô3^Jjo 

. J^UjJI v^ L uül> QjJj 

oloJbül3 ÔjJüuj^II JfUü ü\3 /xSajJI — 4 

E £ 

? Lxx^jlCj^uü ^svS ^_svjJI JjoI^slII Lo . 0 \LcLûj ôLoJbdl J^:LûJ 3 ôjjüuu\JI J^cLûj 

ôjl'pdl >ub 1.4 
■ ô,I^Jl jjuU ! 5 üvjjJ|u JoLuüü 

v^svlcLaJI jjuS^jj ôLxxJbJ^ ôjjüuu\JI <jjo J^cLûj clc^juu v.svS /xSL^lJI <j^uoj 

G2 — 80 °C s G x — 30 °C ùj\j^ julC L kjujszj Qjüüj 

fjjo n 0 3 u àjqs*}\ <jjo J 3 jo n 0 ) J 3 jLü\Jl 3 v^JLi^JÜLi\JI uÂjojzJ o\J 3 joJI LS 3 Luuüuo j 3 -Lü 

(jLjuuuJI <ta _5\JLc ) . (1 ) oLujoJI <^3 -Lc J. jÆCzùlS ( 

( ) (2) 0 L 00 JI Ju^*j S CL 0 JI 3 0 >\J 3 joJI ^^Luuüuo ixJL> j 3 -tü 



? J^cLôjJI clcjjuü ^jJLc ci>j^ jjj b 3^ Lo jj^jLjjoJI J\L> <jjo _ 

J^s\ ôJuo J\Jj> 0J3JI CÜL> ^jJj J^ü cLC3joj^oJI ôJjjaJI Pj>p ^LûjJ J\Jj> cul _ 

£ £ £ 

Jcljul^JI ôjljj> ci>j2> cuis Ul v_sOLpjJI />j_û_JI jjjulôj ^jJI J33J &jj\JI oLl^juoJI ol Jô^>\Jj_ 

■ OJI3-JI -U-C cLC3jOJ^joJI k-ajSjJ jjSU \i < ôjlj^JI ^Lûjjl Ol £OJLOuüU3 . v^sJLcLûjJI 

: ctz)\JL> 

|jL& 03^ jjS I CLCj^uJU ôLoJL> _ ôjJüuul OJI3JI Jl> J3^>3 <jjo bj\j*\\ £.bjjl <jixxj 

. JC*JI 

jj^ju J^LaJI clc>juü ^ ô^UjJI lSI v^sOLcLûJ Jcljuü^I àjy> cu>p gijJ LLox : qJà^adLo 

■ Q-0*lJUüjJI 's_ajlSjJ JLoJÜ-juuU JxLâJÎ 

jlÂaJI jjJU 2.4 

: ksujsü 

. JxLûJI cJ^Lsix) v^svS Jj>Jüu ol 03^ J^LâJI cLCj^uü g9jj v^Lucxj 5 £ > 3j jLâ^JI 

■ JcIâJI àjz jmj ijJLc jlftaJI jjuü ! 6 l$vj i p ü JI JoLuuuJI 

c £ 

: o\J3joJI lS3Luüüuo ôLoJbJ^ ôjjOuj\JI J^cLûj ><ou 
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{jÀJZO oljJaS [jÂSLf CisLoU /XJ c dJLûüj-fcSJI {jÀJZO CisLol Ù3JU J^jLü^Jô iiJj3jljü\JI ijÆlOCx] _ 

( .1. ) üLuucxJI ^jds: ^t/oczùS 

siLoJI3 ol^jUu^U _ 

(2) oLuuoJ I ^jJLc k ]^ o^js 


il 

1 ^11^ 

■Bff 

ffipS 

10I 

|||||||||||||||||||||||||||||^ 


jpütei 

') niol 

IN 

lllllllllllllllllff ffl 

n 0 ^i 

no \ 

3 

tac 

ide) 

mol 

wi 

/ h 



n 

taïltli 

I ^ 

Omo! |h+ S j>> 

- 

- : i 






















ffl 
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^^Llujlû ùjIjjjI jdûjl-à-aJI>üU ^ 3 Luu ao ±uL± 6LoJL> _i_i^JI^U 

j.^3 OUjmdJI CL0JI3 >üuuy 0U5DJI 


. ^jjJl^iJucxJI JJb*j J\L> ,jjo ô LxxJLz=iJI3 ôjjljuü\JI J^cLûj J\L> H + oU^jI £ûüuljuuI 

c c 

<jjo JÜ cl^juüuJIj jLôj^JI ^_xaJb ^IclôjJI Jo_*jü3JI ^jJI <=L9LuOjcxJ I H + oli3j\JI ül Jô^>\Li _ 

c £ £ c 

j^ 3 1 cUJuoj ôJuo v-SvS Oj\$jJ\ cJL> ^jJI Ju^ü ^3 joj^xJI ûl Ù3SJ . ôlcxJbdl J^:Lûj3 ôjJLjuu\JI J^cLûj 

. H + C 13 L 0 I lgj3 /xiJ /xJ v_soJI < ^3joj^jcxJI g/> ^JjLûjO 
. I cÜL> ^ jLâ^JI ûl _ 

: cl^M> 

■ I JülC < ^LC3^0J>uoJ I jjuSU Ù3^ J^LqjJI fLijuuJJ QjO jLûJ^sJI Q^SuOJ 

. aJLüOyvS 4££J0 C%aJ CLul^JI aJbJI vJ\3 /xS^jJI _ VI 

^ 6^3 ûLK o\JxLûj ôLxxJbJI J^:Lûj 3 ôjJ_juü\JI J^cLûj ùI û+jü clqjLuuJI cLuüljjJI J\Jj> <jjo 

/> JlQ_a CUJL29 /XjuiJ 2 J jJJ jJ Xy < X max »^_S^J L^jJI /) JuQjJ ^ÜljuUÜ Ol C 1 ilaJ> ^SVjLajOul^ Ojl^ 


. Ô2>3 ^jjO ^ÛJj^jü 

■ Jy u ^ 3^/0 . 1 

^LuOs^ <> _5 vJLc LuUjJ^j qJL^^I fZ eX p Ô^LoJI ^LuO^ ^SvjIj-Ou!.^ J^cLûjJ < r LS3 Ljulu 

. L^jJLc J 3 -^^JI > 1 cüJuoJ 1 n max ô^LxxJI 


! J\iÂjuJsü ÿJ/AJ 

£ c 

Ü3SU t J^JÜLj\JI <jjo 1,0 mol 3 dJj3JÜü\JI \jÂloc> <jjo 1,0mo/ ôlcxJbd^ ôjjLjuu\JI J^cLûj J\l> 

. 60 % 3-& JxlâJI IJlû^ ^>3^>o 
. J^lâJI Ijl^J cluLcx^JI cJ^LaxxJI <^jü^Î _ 1 

CH 3 - CH 2 - OH + ch 3 cooh ch 3 - cooch 2 - ch 3 + h 2 o 

. cuJLpjJI cJbJI v-SvS Cbu^jj Jc>3l _ 2 





















































































































































R 



ch 3 -ch 2 

-OH + CHtCOOH -* CH, 

-cooch 2 - 

■ch 3 +h 2 o 

^bji 

>0 JlüjJI 




ô^LoJI oLxxS 

CLojJI 

0 

1—1 

0 

î—l 

O 


0 

0 

JU> 

JxlàJI 

X 

0,1- x 

0,1- x 


X 

X 

OJI3JI JülC 


<U-*« 

p 

1 





JülC JoJL^JI ssJUUs T — ■ 


exp 


n x 

max max 


■ = 0,6 => x f — 0,6 mol : 3-oi J^lâJI ùl ^/xJLszJ 


! v_s^ ùjlÿJI 

n(alcool) = n(acide) = 0 , 4 mol 
n(ester) = n(eau) = 0 , 6 mol 

i vjUcLajüoJI colo olu&SJ ÂjliJüJI ujuuuJI — 2 

OUclAjüoJI JL>I JLoAajujI ! 7 vJVjüjJfejJI JoLuüüJI 

<jjo ls\JJûjl ( ôjJLjuü\JI J^cLûj ) J^jLüVI gjo viL^jljü^JI J^LôjJ <jjuuoj> 

v^sJUI J3I v_sv 5 ^d^L^joJI guLüJI O3JÛ3 é cLqJLo*jo cluJuJI 1 &>aSIjj clJLjcxj .5 oLc3joj^jo 


3 

1 

2 

1 

1 


^JUkSjjJI 

clC3joj^joJU 

1 

3 

1 

2 

1 

JytSJI 

90 

90 

84 

84 

67 

«^SvlLpjJI ypjLftjJI CLljuJÜ 
' % 


S" ô JlQ) ^uLaJ JuJbj QjO ^ÜjuljuJU ISLo 
v_sOL^jJI />JLQjJI cL^juüJ ^svJLc juüb IgJ J3 jIjü\JI 3 dJj3jljü\JI ^jèa oc*J cLuJuJI Ô^LoJI olaxS ùl .kL>\b 
L^jJI I ^Lljuuü oûIS < ùjSqj \ljosi^jLjuuuo o^LûioJI xj>\ oiS LxxISl9 i jJLcLqjJU 

■ ^LiUJI />JLûJI jLlS2jO qlo juul^J ^ÜJÛljuü .. ijjUUQJ lta _5vJ| Ju^3xli dJUiS Q^uOJ 

! J3JÜÜVI3 ^bs^bü\JI ^yixx^ïJ ôjjL*jj\JI J^Iûj \Luo 

Ctf 3 - CH 2 - OH + ch 3 cooh -> c# 3 - cooch 2 - ch 3 + # 2 o 
: qJLJI qJ\bdlj ùjl^JI julc J^lâJI gjL> <>£ 
[CtfjCOOC^yff^ 




e '" [C 2 « 5 0 tf] (i! [C»,C 00 tf] <s 

j 3 -bbüLjuü c^ 3 jC)J^jC)J I OI lS I Q r < £2 r gq — K O 3 SJOUÜ ÙjSqj QuJLc LqJuoJ I Jl> I lJ Loi^jOuü I AJlC 

■ j^JuûbuoJI ^JOfcJuoJI 

. ôj^3j \LcxaOuuuo o\LclâixxJI Jol ùlS Lois Isûjjjo ôjJüuu\JI ^3^>o O3SL : 

^j*SJ t Jj032jLjuUUoJ I <^sijSJ uUL S^>SJ I [j£ü OsJ^JI QSZjuJûJ L^jJ I ^oJlQjJI CLcjuüJ l qJLs2jU \J ! 

. JjO^jljuüjoJ I J3^tSJI <*-ÔJu£U JjLqjoJU 


(SvjL^jJI /jJlûjJI cUjuUÜ 

J3^SJI 'JùuÆ 

67% 

^^ 3 ! J3^S 

60% 

lS^jU \JpS 

5% 

uxJU J3^S 


ewl^JI JL^I qJljj - 3 
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ù^SjjoJI jjLjuü\JI 3 cloJI quu jjjüLoJ £ 3 $ Ii>l 9 i ôjjljuü\II J^cLûj <jjo Jl^j lSâJI 3Ü ôLxxJbJI J^cLûj o\J 
v.sJLcLûiJI i5_Juü3JI <jjo >i-juüll 3I cloJI cJIj! JxLôJI I Jlû> lS^LûiJ 3 ôloJbdl J^cLûj 0I9 

. j^juüLjoJI ^jOduoJI v-SvS C^3 jOJ^joJI j3-LlüL9 Q r < K JxlûiJI £UuZ*J l_ 5^> 
Pj>p ^jjo jJüuü\JI oLJLc àjljS> Pj>p CÜL> V_sv5 ! jJüuu\JI cJIjV ^JLxxsÜI cLûjjJoJI 

C Ce 

Ij^oJI jj-LiiiJIj ^3joj^joJI <jjo jjüuü\JI JjjJ ûl <j^uou ^3jojsjoJU oIj3£uoJI 

v_sJLcLâji.JI Jû_juü3JI <^5\JI cisLob <^3^ cLuî Lc^jjJü cLoJI cJljl ^LxxJI cdlj\J c ^*J»xxaJI cLûjjJûJI 

OÜ3JjS ! JLiuo <^3 joj^jcxJU oÜ 35 uoJI gjo JxlôjJU ciLls j+ê-S cLoJU <=LjJjlL^iuo ô^Lo 

- v_svjLoMJI />3h^^S-îJI 

^jOfcjuoJI V_sv 9 ^3jOJ^joJI j3-tü ^jJI < v-sJLcLâiJI <JjO 3I cloJI aJIji lS^3J 

■ ôjji_juü\JI ^3^^J0 Quk_AjUC^J3 C 03^JL00JI 










R 


oloJb J lg Ojjuuill oUclÀj 
Réaction d'estérification et d'hydrolyse 


1 (JJjJOJ 

LpJLoouul k£.\$ <cJUI oV^^SJI ^-g-juuO 


CH, 

1 



CH a —C—CH2-CH3 

CH— CH— CH— OH 

CH 3 — CH 2 — CH 2 —CH Z —OH 

ch 3 

ch 3 

i 

£ 

U 


2 

£ ce 

! ClJUI c LaJL^juUL^^JI <>bljOJ>\JI êIxXjuüI 



3 

! cuJLJI ^yixx^iJI oIjujJûI cLxxjuüI JclcI 












R 


5 \jjj joJ 

E C 

û^Su t J^ÜüVI ch 0 1,0 mol 3 dJj3jLiü\JI <^2 joj> <jjo 1,0 mol <j-u ôLoJbdl3 ôjJLjuu\JI J^cLûj J\L> 

. 60 % 3 _& J^LàJI Ijlû^ ^>3^>o 
. J^làJI \±çj cULcx^JI cü^L^oJI _ 1 
. clJL^jJI cJbJI v-SvS iiJbJI JL>3l _ 2 

! o\LcLqjüoJ 1 ô^Lo oLjosSJ cujJuJI ^jljuuuJI jjuU_ 2 

6 

— CH 2 —OH (^JSLfuÆ — COOH CKjSZjuÆ »*_SvJLljuUiS3Jj»^ jjuU ÔjjLajüI JxUj jjÜSU 

J^LàJI I jl& . J^=ü 5 JI ,jjo 0, 20mol$ <^iocdl ,jjo 0,20mol JoJL> />j t — Q cüô^JUI jüx 


. ^ljüj\JU ^çitjuajjl CLL1JUJI3J3 dLjujj^JI 

C £ 

■ ÔjJLajü\JI JxLàjJ CLuLuüukSJI cÜ2>Ls2jCxJI ^julS I _ 1 

S 5^À^3JI J3 Jl^JI /xjoüI . <jjojJI J^L> Ù 35 jjoJI ô^Lo cLucxSu J^lâiJU X />JLaiJI Cïjszj — 2 

: J^Là^JU 


JxLàJI cdiLszo 

acide + alcool —> ester + eau 

AJbJI 

>oJLaJI 


joJI oLajOlS 

cuJjuJI 

0 

0,20 

0,20 


0 

0 

JcLàJI JU> 

X 






UJI3JI AJlC 



c- 



-C- 


. J-cLàJl ol LâjuOjJlsI li>| ôjjLjuü\il JxLôjJ /jJlûjJ ^jk_Ajaj>l_3 

< x é =0,13 mol jJLjuj\U OJI 3 JI JulC joxsüil ëüjs*: Jl ^sJasJ _ 4 

St sn^> 3 JI /duojI 1 _ 4 
J3^oJI Ijl& ^ 3 ^>o «^jljuuoI 2 _ 4 
? ctcxjjUI ôjlq^ Le dJLsijiszj 3^ Lo 3 _ 4 
R l -CHOH-R 2 ^ R'-CH 2 -OH J3^5JI L yb3^_5 

JjcxsIjuuucJI J 3 ^SJI ^Jc >3 güLJI jjLjuü\U ôj^jjjüuoJI kslæü àsu*&]\ iacl 1 _ 5 
OJI 3 JI JulC />aüjJU ôjua^JI <=ux»jlII « 60% 3 ^ jujc*JI J 3 ^oJI Ijl& ^ 3 ^>o ol LoJLc 2 _ 5 


JüJC^JI Jçp*£J ! _X_Q) J IxXS£jLj<jU U ÙJI3JI CUjÜ CUXjl 9 (^üuuLajüI 3 _ 5 

7 iJjjjoj 

r . c c 

3^3 i U3jL^JI Acetate de Linalyle JJLJ olu-uul 3! ,_s^ol>i*JI «bül.* > kc Jjo^umu 

(JjO lâYUajl jjüjsloJI >_s 3 ùjjJccxj (j^Lou . ,_suo_>jjtJU cb-gj-Ja-ll cL$SjJ\ <_svS Jl>3j i_slÎLjOuS p q j 

. Linalol J3JLLJUI3 di^jUuYII (jA<x> ,juj J^l&jJI 

Ôj3juOjuoJI » CÜSZjuÆ < j-lag.03 Ù3JÜI /XJJlC JjLuoS J^LuJUI -)C>3J CUilaJI Ôjl^pjl ËL>ji JulC 


! v_sl& 



CHJ=CH—C — CH Z — CH— OH 
OH 


= C— CH, 

I 

ch 3 


ô^jOuoJI Ac 3 æj?joJI ôjJli g -03 J 3 JL 1 JJÜ ôj 3 jlüuuoJI yJt^ù AàuzaJI dii 9 j 3 ^jJI JjüI 1_ 1 

. Js^JÜ 

. J3SÜI Ijü 3 > L.QjuZ) JJl> _ 2 _ 1 




























R 


S" . Acetate d6 Linalyle ^J^LuJ oLl^jujI L^jJ I jjj «^.svjJI A^Luou^JI i*_ssjî> Lo 2 

jju&SZÜJ O3JÜJ0JI \^_S\J L oulSJ 1 JxLâJI cJ^IsjO K-jjS\ ÙjQuuüu Js J 1 kJl*£Ô ^LjuZxJI lJ LcXSjLjuJ U 1 3 

. Acétate de Linalyle JJLJ oLü^uî 
? v^LjoJJI J^^JI IjLûi oljuUOuO v_SN-â> Lo _ 2_ 3 
vdj^jLüVI {jèuk^S J3JLJUI <jjo o\J3joJI l^Luuüuo UoJL> Jjasljuuü _ 4 
? jlos*}\ ^3^ 3^ Lo . jIjlJI LSÂJI3 acide paratoluéne sulfonique 

. K = 3xlO -3 : J3^üJI IâJ Oj I cLüb _ 5 
. J-c LôjJ I Qj I Ju Jü-C Q r ■ J*c LôjJ I L> jjusd ^jûiS 11 _ 5 

. clc3joj^joJU v-snjLqJLJI j3-LüJI ^joïiJuo JJLc 1 _ 5 

j.*, lo q xJL Acetate de Linalyle JJLJ oLl^jujI l Ju^l su jqqsu ju^jJI -\j2j3 lJ3-^îJ i ^uL^j ajlc_6 

. J3JLJU 40 m^ L9 \UojI Acétate de Linalyle JJLJ oL^ul ^ 2,5 mi ^JJ LJJl>. 

? JjasljuuuoJI JL3JLLAJI 3^ Lo 1 _ 6 

. <^_ju» 5 jJI Ijl& ^3^jjo ^^jljuuo^ J^LaJI ^3^>ou < 3 jS: 2 _ 6 

? cll>Lôjo cl^juJI ôjl& Jj^ 3_6 
cUod>b ô^Lo 3^ J9JLJUI ùl 9 JjLqjoJU <j 5 J c slSV) ci^jj^ijJI .L^j^uJI ôJl& v_sv 3 ^VjjoJI _ 7 

■ û-°^N 


JjO^jljuüjoJ I jLgjJI 03 ^ ^3^jjoJI <JjO g9jJI Aüjj-b £jJ*l 1 — 7 

? J^LslJI ^ 3 ^>o qjo gijl <jjo <j5uoj ^sjJI jj>\ll jL^JI 3 ^ Lo 2 _ 7 


LjOulSJ 1 p QjJ 1 /Xjuü 1 

c 

JJLJ oLl^jujI 
Acétate de Linalyle 

dLcpbüVI 

Linalol JJLJUI 

^UUI 

0,89 

1,05 

0,87 

Ûjl_p> CL>ji 

(°C)oLJLàJI 

220 

118 

199 

g/mol cuJ^oJI iüiUI 

196 

60 

154 


( 2002 ÔjlüD ) gjüügü . 8 ÿJ^JOJ 

M(C) = 12g / mol 3 M(H) = lg / moi \ ëJLJI ^LoJJI >^>LJU <=u^>JJI CJ 3 JI JjlSJI v-sdoaj 

. M(O) = 16g / moi 3 

pentan - 1 ol J3I _ 1 _ <jjüu 3 Jj3jLu\JI <^ijoj> JxLûj <jjo U\LLüI jjljuuI gjuu^ü ju^j 
■ v_Svj L uOjlS Ü I J_C LûJ I I JlJ I cj ^ LsjoJ I Ôj3_aÎjüuoJ I ^-Q^uCl) I (J Lx£ji_juü L V_jlaS I _ 1 

■ JcUJI IJlJ ^J-aJLawJUÜ La. - i ^j-JUUaO L> S ; ) ■ gûUJI JJLJUj\i| ^Ooujl Jo^I 

cU 3 LuoJI _2 

pentan — 1 ol J3I _ 1 _ ^jo V, = 22 mi Loj^> ciJL>3j> ^3 Jj>jû ! ^j^^l cüL>jjoJI _ 

<JjO uÂSLfS ^LûUjj^JI L yÔjOJ> <JJ0 lm^ <^ 1^3 . dlj3jLü\JI j^ÔjO^ jJjO V 2 LoJ^>3 

. 30min ôjuo ^IjJj\JL JoJiJI pierres ponces «^sLâ^JI 

ampoule à décanter ^.ô^JI ^uLj> ^^3 cdL>3^JI ^3i^jo juj^jJI _x^j : clûLüI cLL>jjoJI _ 
Ajjj>üJ\ jsu . ^sLôiJI lbLôij>\JI gjo gJLuoJI cLoJI ^jjo 50 m£ ^jJLc LS3i^j 

. jjLjuü\il ^_5 vJLc lS^js^j Lo^Ijl>I non miscible ^ljjuo\U ^j^ül q * lo i^jvJLc 

. jJÜuü\JI QjO 17g tjJLc Ju^tj <=LZ^JLsZjoJI 3 dJLjJ^JI ASLf 

! oL-LlS2jO 


i*_SVJ LjOulSJ 1 p QjJ 1 /Xjuü 1 

1 

i—l 

1 

J= ? 

dL^LüVI 

jjÆO .iXX 1 jjLajü "J 1 
























R 



Pentan -1 - ol 



JulC CLoCOt^JI 4 JL 5 JI 

(g / ml) v 20°C 

0,81 

1,05 

0,87 

cLoJI v sv5 cUjlj 3 jJI 

QJLkSLÆ 

ôJl pr 

QjuSLÏ) 

g/mol cü^oJI ciJLUI 

88 

60 

130 

? <JjÛ*LjuUlJI J 

jcxaûuül j 3 ^ 3 ûi L 03 ? Qjl^juüuJI j 3 ^ 3 Ü Lo 1 _ 2 


. ëuJLo^C v-SvS cdLasiûuuioJ I Ôj£S>\)\ \j^j 3 b^Jo^jo cüluJ g-b 2 _ 2 

? ^- 9 lô_^JI <^£L> j 3^ 30} Lo ? j^jjoJI dLjujj^JI ^yio^ j 3^ 30} Lo 3 _ 2 
Ü3SL v-S^J Jjos£ûujioJI dij3jljü\JI <^iojaJ V 2 /x^*JU v-SvS>^JI oL-baoJI cJ\J_)u Jc>3l 4 _ 2 


. cüjOuS ^^jljuuoI . o\J3joJI l^Luuüuo v_snjJlJI JaJL^JI 
/>JlC cJL> v-sv 9 cuJLxxr: J\b> ûl <jiosj sSJJI jj1>3jJjuoJI J^oLôjJI 30} Lo 5 _ 2 

? gJLiuoJI cloJI JLxX 5 Ü-juüI 

v_svjJI olbLûu>\JI v_sn-û^ Lo . ^jjj3-bJI /xjujI 3 cus*Jo3 b*^03o cuJLcxsd cüluJ g-b 6 _ 2 

S' L Q jlÂj^Lh. Jl cuJLxxr: v.svS J\b> Lpj JjcxsJI 

. g-AJU^üJI lÂ^ ^3^>>0 <^jljuJL>I 7 _ 2 


OJOjJI Ù3SLL0JI 


. J3^iJI j3-bü _ 3 

\J| Ô^Lo <UjO^ oljuL^jJ JjüOUoJI ^VjL^ÛuoJI ^JSLjuÛ ^L9j 3-^I | ta _5 V -L-^ 1 _ 3 


. t 

! 4 JUI o\Jbdl i^^-â^juoJI ljL& j^^vJLc IjJqjLjuJ «^.SvjJI oljuL^jJI i*_sviî> Lo 2 _ 3 

ôjljjsdl <b*p - I 

jSjjy j s vlJLûü I ULoJSjljuuI /> JlC Jül£ U 

. J3^SJU CLcjuUüJIj Ôj^ 3J dL^lS^I J-JO^jljuuI Ju>-C — £ 

. JLpr ^3^>OJ jjL*Jü\JI I jjù juÆOzj ûl Jujj _ 4 
*±JLp 3JLij\JI u^ioj> ^3^ cJLxxaûuuI <jiouoJI JxLâioJU ôj3juuuuoJI àsu^>]\^ /xjuu Ikd 1_4 

. qjL^>L> >^ 3 l 3 J^LslJI Iâ^J ciLu^l^JI cJ:>LaoJI «^jûîSI 2 _ 4 



























R 


cUjL^JI ülfiypjpJI jjJflü l $\3 ^ 5 brjJI ^UÂaS 


? JclAjüoJI jJUtÆl btoJ — I 

jjLjuü\JI ôloJb>3 J3^3 u^J^> û+! ô^>JL*jj\JI o\LcIsUj àj^jsuy}\ ^luouSJI o\J3^*uJI jjüsù 

Iû^3^3jjo û+jujs*üj$ i jlos> JLcxaljuuU3 6 j\jjzi\ cu>j^ <jjo g 9 jJU Içæjj^uju <jSjoj3 . ô^3_)c*jo 3 ciL-bu 

. £üI3jJI j^I cJIjU 3I 0^93^ o\LclâJuoJI jl>I JLo^üujU 

jo dJUL^jLjuüj ôjlû^ <jSJ 

Jlo^ji-juüI ^jOLc JüOÛlSJ vÛ^JI «jjj O3JUAJI J^\j CLûlSJI ôJLûi {jêüLÔSZJ J->l <JJO 

cuiS o\J3j^JI £u^ü3 cuuulSLsjoJI o\J3j*JI ùJixj \J vûjptj Lû^jLu>I /Uj o\Lclâix) 

T L^jLoJL> ^jLJL^jJ cLoJI 03SJ 03^ oIjjLaju\JI j+jæoü /xju vJixSs 
S J3^SJI %jq v_svljHuaS3j^>SJ ^^bo^dl Jl>I3J &° jUjujV! ôloJb> jbd| o^v! sSl ±s 3 $ 

■ Ü5^S3 u^uocjl JlfjJül <JJO IdMJûül jJuuüj gjuugü — II 

o\LcLûj ôjlc ^B QuJu^iujS^jj^J I ^53^ t L^juJLcLâju oljujju\JI 

JL^uj clàLujoJI Lpjjo 

J3^5 gjo u^üocjl JLfjJül Jx>Üü — 1 

1 loLujj 

fjjo 1 ml kJujÆü$ t ( J3I _ 1 _ ûb3j Juiuo — 3 ) v_sJj«j03jjVI J3^JI ch 0 8 ml jlu>l v3^l 

. 50 °C ôjl^pdl JUC /xj^jo /)Ioj> ,jyl 9 ^ S-^jJ JclJ^JI S-^Ü3 viljJ^j t dJj3jUu\JI JujJül 

v_sUjj JjLuj j3-1o O3SJ Jcc>\ 1 jl 9 qSLjuüj JojJLi^JI dJjjij /)J t viljJ*J3 i 5JL0 cLo cü <jjuIS v_sv 3 ^S3jL^uoJI £,>âj 

J3joJI cU*Jlj cUjuüj QJjq cUsijuuoJI cU^JljJI s^lsdl j$]c Jl ^3 £u-jJjjjJI J^>3 Idj^Uu ^juuoJl; 

. Juü3-JI Juiuo _3 o^büj 3 -û^3 jjLaju J O3SJ ^sOLc Jjü 


CH,—C 




O 


O 


ch 3 - c C 


ch 3 

I 

ch 3 — ch—ch 2 —ch 2 — OH 
J^Ij^j JjUo _3 




O 


/P 

ch 3 -c x 

OH 

dJLsjLuyi lj£LÛJ> 


CH 3 -C, 


y° 

S ch 3 

\ I 

O—ch—CH 2 — CH—CH 3 

iJjü^jJI (J^ùû — S ljIsJLü} 


JjulX) _3 O^liüj 3 dJj3jLu\JI u ^bOJ>3 J3I _ 1 _ ûlj3J ^J-ajuO _ 3 <JjO JSJ Ôj3juJUuoJI kJl^Û ^-jûiSI _ 1 




U 


ch 3 -c x 


CH 3 -\ 


ch 3 

I 

/° + CH 3 —CH —CH 2 —CH Z —OH 




O 


J^jIj^j JjUd _3 


/P 

-> CHj-C 

OH 

dJL^jLuyi \j£l& j> 


y/ 


O 


ch 3 -c x 


CH 3 

I 


b— ch 2 — ch 2 — ch—ch 3 

^Jjuû — 3 uI^jUjI 


. JxLâjJI I_x_o3 cJ^lajo ^lUa_ajü 1_2 

LsjLuj L^J[ kJ)j.\ql a JI joj J_cLâJl Ia^> 3 +^°^ s^3JI Lo 3 

. Ij3zi 9 JxLâjJJ v_svjL^jJI /)AüjJI O 3 SJ v_s 0^3 &> juJ ^ cuiijLjuu JxLâjJI Ijlû^ jjjyJj 

gÿUI jjLaju\JI ôLoJL> IsLoJ _ 4 

. cuSjcxjo jjlÎ: coLoJb> v_svjLo \J icuujt) k_s3 O 3 SJ û\J 

: qjolc QJl^u 

^jlaJI Oj 3 U3SJ9 6 I,>üum! KfrJasu ua> gj>juJ3 usOLS J^Uü Ü3^S g-o u^uocJI JüjAJl Jx>Lsj 

. v, 5 s«â 3 l >3^>o i 5 l Ü3^Ld J^IajJU 


















R 


R — Ç 




O 


R—C 








O 


R—OH 


R—C 


J? 

\ 


O 


+ 


ch 3 — 


O 


OH 


O—R 1 

i 


yJjjuuulJI jjuSQJ ! OlftjuJûU — 2 
< P3^ j ^3 >oJ^U Q^LjuüjCxS JLo^uü\JI jjJiS vLLJ^iuUlJ^iuUL^ I \jÆü 0^> $\ QJjjjljuu\JI 
^_5wo 3I ^3^>o ^sOLc \J$*go*]S dL3jLü\JI JujJul3 (^LzxslziJI ,^ajcxj> ) dJLJLuüjJLuuJI ^yx&o ^jjo l3\Lkûl >-o^j 

ï 



+ 


ch 3 -c^ 


O 


OH 

v„ 

^JLlLuUjJjULlJI 


O 


/ 

CHo—C, 



OH 


+ 


CH,—C 


S/ 

X 


OH 

ij£LDJ> 


db^jLü^JI Ju^Juî 


O 


O —C — CH. 


O 


■-ÜLlLuUJlLu^^ \j £ - . lO J> 3I 

QjugüJI ! üljJyuüUJ ^UJLCÜÜI ûLoJbJI — III 

HO~{aq) 0Ü3/JI gjo >ùujj Jxliü — 1 

. ^3JC*J03 Cv-sJ^-M 3& cloJU jjLjuü| ôLoJb> ol <JyLuüJI jjjUjjJI v_Sx 9 LuIj 
3I /)3j^3,zJI JjIuo àj^jjQ ôJlcL 9 ^>3 j J32Ï1JI jbtjl /xj N LiS C> 35 u ûl J3^JI Ijl^J <j^ucxj 

. /> 3 _a^uJ !j3jJ I J UljuüS^j \.jj». (fo 

2 JoLaajü 

^jjo 25 rn^ j Oju£ü3 <* 3 lôjâJI v> jw 3 J> ^jjo \LJ 3 OjL*aj3 Jjü\JI 5 / 72 ^ c Üj>3J> (^_s \3 v>_juZ 5 j 

. />3j ^3-zJI Ju^juo$3jJuj^ J3Jbijo 

IgJ <juul^ <*_Sx 9 c LCjJÜ^ I $jjU JoJL^JI viljJij . ^ 3 jl 3 ^ ^-juJLC ÔJüCxJ QJ*UuUÜ3 ^IjÜj\JIj Qupt^uUljJI K-ju£jJ jszJû 
. dJjj_)uj3ÜJI [j£lo j> <jjo \LJ 3 vlLj^jJI &*> £ jJszu$ t Lc^jjJü ^âjuiaj /xj £ gJb gJo 3 



. JxLâJI IjLûi jb%j\J ^IjÜj\JU Qud^JuUüJJ v_SV-î^><ïljJI VuiSjjJI 3 jLjJ /XjuJjI _ 1 
slo £S>> ( 4 ) Qji^uuuuo ( 3 ) cdb>3^> ( 2 ) ^jjuo : (1) 

vX^LâJI JaJbJI (6) V>U cLoJI J32O ( 5 ) <U 3 b 
T ojuKJI v_sx 9 I3L0 ^sOLc _ 2 

0I33ÀJ JxLflJ 0I3JJU oIj3jI ^SvJLc <juulSJI 1^_S& ^juZXJZÛ 

HO~(aq ) jl H uoS3jJu^JI ol^l §jo 
u^ux^ cUclc| H 3 0 + (aq) &jo JxlàJ lSâJI v^Ljcxj^JI £,3jJI Lo _ 3 

S Ajsj juJI 

lyxo^ cLLicj/>3jù3juaS3\JI OÜ3 jI J^cIûj sSàJI v^LjcxjiJI £.3jJI 

gx) Jl^juoS3jJuû^ oÜ3jI JxLûj güLJI o^jjuJI û3jI 30^ dJj3jJuJI 

ol 3jJu 


C 6 H 5 COO~(aq) + H 3 0 + (aq ) C 6 // 5 COO//(^) + H 2 0(^) 

4 

C 6 H 5 COOC 2 H 5 (£) + HO~ (aq) -> C 6 H 5 COO~(aq ) + C 2 // 5 - 0//(^) 
t j jLuuJI ^jjüjjJI v_sx 9 v 3 >l^*-JI >oj v-SoJI jJLjuj\JI ôLoJb> ôloJbJI ÔJlû> Ojl 9 5 
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CH,-OH 
I 

CH -OH 
I 

ch 2 -oh 


. JxLûJ ^jJj ôJlcIs ôLoJbdl 

: 

JULJuaS^Jü^ OÜ3 jI jjJ b Ol>Ü jÏÀ-kjJ ; I J3>LÜ OuL> £ OI \J I £juOJ> ^^JLc gu LüJ I ÔJL& JQ+OSÜ <J^uOU 
^jJJ sS^3j ) . Luuzij J3^tjJI Ijlû^ ^jv^Ju t J3^^3 o\L^juo53jjS ol^l ^jJJ HO (aq) 

.( cLuü 3 >J ^I^jo <jjo IsSLbûl Û3JLzxll 

û3jI t cl^I^joJI ôJlcLûJI 3^ £3jJI 3 Li 9 l I u^o^*JI Ù3SS lSJlcIs Jû_juü3 v_sv 3 

t ôjji-juu\JI JxLâJ OJl>u ül <j^uou \J v_sJLJIj 3 ■ J3^*SJI £x> JxLâju \J sSjJI 1 RCOO oSL-juu^jjS 
. v_sO^ JxlàJ sSI ^^v-ziSSJI /jAüjJU 3Luuuo v_svjL^jJI JxLâJI ^^JLc 

J^j J3^3 o\L-juülS 3 jj 5 Û3jI O^ü ^jJJ ( û-î^JI 3I ) cua^LqJI ôloJbJI lS^3j £ cLolc cLâ-^u 

! JxlàJI y^jJ^û . v_s 0^3 &> JUÜ 

Æ-COO-Æ'+HCT —> R — COO~ +R'~OH 

■ €LuLû}jJI joLuO^ I yJUlâj L$sd OÜuJflU — 2 

^jJLc yS$l 2 Ü v_svjjl cLulÜaJI /)LuüL>\JI <jjuZ 2ju Û3 jLzJI /xju 

'pLua^r JI 1.2 

Û3^jJl3 ôJujJl3 03jjJI Jjuo £ ëuJLzJI 3I cdJLuJI ctudàjJI /)Ljul>\JI 
qjo LuüLuüi Cf^uJ cUjI3jC> 3 ^Lubu £ c L^jwJo ëu^joC oLS^jo £ 

<JuU ÔjjLajüI JxLûJ ÿX güb jji_juü| OÜ\lu 3^3 Juj^uüuJlC 

. cUJu^jJI ^>Lcxj=-\JI 3 ( J3 > juuL ! Jidl 3I ) J3I v-Svj\J|j 1 < 2£3 _ û^jjJI 

cdLuuJLjJ OIS c \jJuljujS^Jj^ QjlxSÙ jJ I 

. Û3JjÜI ol^S ,jjo oorSJ ^JlC <bc>âjuo cdj3_b 

Acide oleique ^LJs^l ^yiuy^$(C n H 23 COOH) Acide laurique dbj$JUI ^: Alix>l 

(C l 7 H 33 COOH) 

ù^jLaJI jj^iasci 2 _ 2 

3! (Na + (aq) + HO (aq)^/>$j:>$j &Jl J^Jbto AuL&jJI /sLjji>\II ^OüU 

(aq) + HO (ciq /)3j-juub3-JI Ju_juoS3jJu^ 

jt-O* HO ob3r?SJI ^0 Jüj^juüjlIsÜJ jjLjuüj o\LjJI Ô^ajOsjoJI oLc3XXZ^joJI > _|_CLqj I IJlü^ v_S^ /ÜJ 

. o\L-juoS3jjS ob3jl 0 \Jj3 J3j-juOjJLsJ I 

JLCI3ÜJI £ />3jljuU b3jJ I 3I />3J^3 -£l)I 0 \L-juo 53 JjS ÔjLjlC 3^3 . Ju I V_SVjSJj <Jju£Ü ÿX Û3 jLzJI £ÜJu 

. û3jjS ôjS 20 ^jJJ 10 jjju cdj3-b J^jj\Luu ois cçu^jJI ^Lo^SJU clüsI^joJI 


Rj—CO—O—ÇH 2 
R-CO-O-ch 
r-C0-0-CH 2 

JU>JJLuiC LS'jiij 




c 17 h 33 -co 2 -çh 2 

C 17 H 33 -œ 2 -ÇH 

c 17 h 33 -co 2 -ch. 


3 (Na^aqJ+HO (aq) ) 


ch 2 -oh 

I 

CH - OH 

I 

ch 2 -oh 

J 3 >JJÜJlLsJI 


c i 7 H 33 - co r Na 

C 1 7 H 33 - C 0 2 - Na 

C 17 H 33 -C0 2 -Na 
( ^psjJs^aJI 0LJ3I ) ù^jLs 


u^iLaJI oly^b»' 3 — 2 
sloJI usvi ù^jLoJI _ I 

! AJ^jJI 

çSJJI cloJI 3 I gJloJI cloJI v_s^9 O^jJI Jjis 3^)3 < 100g / £ ^ 3 Jl> v_sJ[ jJn.o.oJI eloJI >_sv9 O 3 JLa)I >—’S-V 
ô-xü v_svS cluj>- Æ/g 2+ (^ï^ , ) /J3J_>xàxdl oÜ 3 jI 3I Ca 2+ (aq) />3j^ujJ15JI oÜ 3 jI 

.JJl^oJI 
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LSuS-^JugJI p>*JI 


-COO 

^SuL^JugJI p>*JI 


3^3 


d^gJI 


NO j I jTi I I 
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pLoJI 


! ^jvJLc O^jLzJI i^_s 3 ÔJL^I^juoJI cÜj^Jo ÔjJ$jj£ cJ-juuJLuü 3^ o\L-jua$3JjS Û3 jI kS^Izzj _ 

cdLuuJLuuJI (jjuIj v_s^3 Jl>I3^joJI COO v_sÿ9j\JI o\LhuoS3jjS û£. ôjLc J3\JI çjs *Jl 

(cloJU ) Hydrophphyle ^Ls^jju ^Jl cjjJI cloJI v_s^9 ül^jJU JjIs 

<- s^£-Xj3 cLoJI v_sv 3 û^jJU ciJLls j+ê. cdLuuJLuu ÿx ôjLc 3^ £ ^solill cjj*JI 

(cloJU ôj15 ) hydrophobie ^sy^jJ^JI 

é cloJI O^jJÜ cuJLis s^VS^3j jL espJI c><fcJI JjjOsju _ 

/)LuUL>\)I CLuU CIjljuüJ CJjuuU û\J CjUjJI gjO jjuuloûJI JjlûJ ^1 ^1 

) Lipophylie v_sJL£ 3 jlJUI cjj*J l ^svjo^juuu IJJ £ ctud^jJI 

( Ü 3 _û^jJÜ 

<jjo < jj^C3j o\L-jua$3JjS OÜ3 jI v_svjijo J3JL2ÏJO ^3 _ 

! ol&xoôJI 

£Û3jL zJI { jjq 3I Û3jLd J3Jbtx)JI Q^ljuj ^jOLc O3SL1U * 

3I £ o\L-juuujo ^jvCJü cJjLouo oIc3joj*jo J3Jb*joJI k^s 3 ügSjug * 
Jj>b CLu3S3jJu^JI CLÙ3J^SJI oUjuuJLuüJI . <=LuoSs> oljS 

. I p lo i T> r> o\L^jullS3-/J^ oLc3j(X^jO 03^ LoJuU o\LljuüjOuoJ I 

UbuigùuJI Olm^b* — V 
slo v_s ^3 « cLüLuJI Cju^JI Jjuo £ ô^Loj b*JaJLo U3J IoJul£ 

gJLJI ^_sJLc cujlû^jJI gJLJI ^_sJLc o\L_ ajüLuoJ I joJèczuJ £ ^S^3J Lz) 

£ CUJu^jJI ^l^oJI gjo Ll^JI sljJ>\)l JoaJjJ v-sJUIj 3 < CLuü^jJI 

Jj>b CLjuü3jlJ^ 0 &Ü-J J-^LâJu dl>flJlj3 

. J^JL^joJ I <^9 o\LljuUüuoJ I 
cLoJI v_S ^5 CjÛljuULU3 ^l + 3I Afa + ob3jU CLbbïJO 1^3^ 0 \L^uüjuoJI j 3 ÜuU 
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usuLûJI pLo 
























